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Great 


By courtesy of the British Railway 
Clearing House, we publish hereafter a 
memorandum of the British Railway 
Companies showing developments in re- 
gard to competition and co-ordination 
between road and rail during the year 1935. 


LEGISLATION. 
Road Traffic Act, 1930. 


There have been no alterations or am- 
plifications of the above Act during the 
year 1935. 


Britain. 


The provisions of the Act regarding 
the licensing of passenger road services 
continue to work smoothly; recent sta- 
tistical information is contained in the 
Report of the Traffic Commissioners for 
the year ended 34st March, 1935. 


A continued decrease in the number 
of small operators, mainly due to absorp- 
tions by larger companies is shown in 
the following figures : 


At 31st 


December. 50 or more 


vehicles. 


up to 49 
vehicles. 


Cis 
1932 


6193 114 
* 1933 5 824 112 
1934 5 608 115 


|1935, p. 483). 


Iv—1 


* Revised figures contained in 1935 Report (see Bulletin of the Railway Congress, May 


Number of operators owning : 


Total number of vehicles 


Total owned. by 


ee a ED SE I I RA EE SE LT ET I IE 


(3) (1) (2) (3) 


6 307 19 854 26 604 46 458 
5 936 18 329 27 064 45 393 
5 723 17 664 28 082 45 746 
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It will also be seen that in 1934 the 
total number of vehicles slightly in- 
creased and this, together with an in- 
crease in average annual mileage per ve- 
hicle from 28600 in 1933 to 29300 in 
1934, has led to an increase in total ve- 
hicle-miles of 33.000 000 or 2 1/2 %, and 
in receipts of £ 2000000 or 3 1/2 %. 
This increase has been influenced to a 
large extent by the replacement of trams 
by omnibuses. 

While stage services, and to a smaller 
degree, tours and contract services, show 
increases in mileage and receipts, express 
services show a decrease in the last year 
of 4000000 miles and £ 300 000 receipts, 
which represents, to some extent, traffic 
recovered by the Railway Companies. 

There have been no material altera- 
tions during the last year in the level of 
fares charged by road operators but cer- 
tain of the Commissioners comment that 
stabilisation in services has not been 
reached and state that there has been no 
apparent diminution in applications for 
modification of licences, involving time- 
table alterations, or in applications for 
new services. 


Road and Rail Traffic Act, 1933. 


There have been no alterations or am- 
plifications of this Act during the year 
1935. 


Wages in the road transport industry. 
— Steps have been taken during the past 
year to regulate the wages and conditions 
of employees in the goods road transport 
industry in consequence of the provisions 
of the Act. 

Under section 93 of the Road Traffic 
Act, 1930, as amended and applied by 
section 32 of the Act of 1933 it is laid 
down in effect that the wages and condi- 
tions of employment in the road trans- 


port industry shall not be less favou- 
rable than those commonly recognised by 
employers and trade unions or, in the 
absence of such recognised rates and con- 
ditions, those observed by good em- 
ployers in the neighbourhood. Confor- 
mity with such wages and conditions is 
made a condition of all « A » and « B » 
licences and thus any operator who fails 
to comply not only renders himself liable 
to prosecution but also to the loss of his 
licence. 

Any organisation of persons engaged 
in the road transport industry may re- 
present to the Licensing Authorities that 
the wages and conditions of any holder 
of an « A » or « B » licence are not 
satisfactory, and if the matter in dispute 
is not otherwise disposed of it shall then 
be referred to the Industrial Court. It 
is provided that this body in giving its 
decision shall have regard to any agree- 
ment of a joint body of employers and 
employees to which its attention is 
drawn. For the purpose of drawing up 
an agreement of such a nature there was 
set up in 1934 a National Joint Conci- 
liation Board for the Road Motor Trans- 
port Industry (Goods) and this Board 
has issued recommendations which in its 
opinion form the basis of fair wages and 
conditions. These lay down minimum 
rates of wages, varying according to the 
laden weight of vehicles, and to the type 
of district where the driver is employed, 
i., Whether an important industrial 
area, other industrial area or rural area, 
and provide for a 48-hour week, overtime 


Yates and pay for holidays. Local Joint 


Conciliation Boards were then set up in 
each traffic area and on these has fallen 
the duty of basing local agreements on 
the recommendations of the National 


Board in the light of particular condi- 


tions in each area. After a considerable 


— 365 — 


amount of discussion and negotiation 
agreements have been completed in most 
areas and are in process of completion 
in the remainder. 

There is evidence that responsible 
operators are already observing the terms 
of the agreements and pressure will no 
doubt be brought on others by the Li- 
censing Authorities which will lead to 
general observance and to the elimination 
of the unfair advantage obtained by oper- 
ators who are underpaying their drivers. 


So far as the respective Railway Com- 
panies’ road employees are concerned, 
their rates of pay and conditions of ser- 
vice are the subject of agreements be- 
tween the Railway Companies and the 
Trade Unions. 


Finance Act, 1935. 


On and from (st August, 1935, the 
customs duty on heavy oil for use by 
compression-ignition motor vehicles was 
“increased from 4d. to 8d. per gallon and 
the scale of licence duties on such ve- 
hicles was reduced to that applicable to 
petrol-driven vehicles. As the duty on 
petrol is also 8d. per gallon, the two types 
of vehicle are now placed on a parity in 
regard to both licence and fuel duties, 
although the compression-ignition ve- 
hicle still retains the advantage over the 
petrol vehicle by reason of its higher rate 
of mileage per gallon of fuel. 


Result of public enquiries held by licens- 
ing-authorities insofar as the operation 
of the licensing system is concerned. 


The policy followed by the Railway 
Companies for the first licensing period 
was to refrain from opposing applica- 
tions to the extent set out in the Rep 
for the year 1934. 


the Licensing Authorities have 


Opposition to applications has mainly 
fallen upon the Railway Companies. In 
a comparatively few cases only has there 
been serious opposition as between road 
hauliers themselves. The Railway Com- 
panies’ opposition can be said to have 
met with a considerable measure of 
success. 

In the case of « B » licences granted, 
generally 
attached conditions restricting the oper- 
ations of the applicants to the extent of 
their activities during the basic year. 

At the 30th September, 1935, licences 
had been issued in respect of approxima- 
tely 100000 vehicles and 28000 holders 
in Class « A », 55 000 vehicles and 35 000 
holders in Class « B » and 3805000 ve- 
hicles and 150.000 holders in Class « € ». 


Generally speaking, the decisions of 
the Licensing Authorities have been con- 
sistent, and the Railway Companies have 
exercised their right of appeal only in 
certain selected cases with the view of 
establishing principles for the guidance 
of the Licensing Authorities in the ad- 
ministration of the Act. 


Appeals. 


Under Section 15 of the Road and Rail 
Traffic Act, 1933, any person who : 


a) being an applicant for the grant 
or variation of a licence, is aggrieved by 
the decision of the licensing authority 
on the application, or, in the case of a 
B licence, by any condition attached to 
the licence by the licensing authority; or 


b) having duly made an objection to 
any such application as aforesaid, being 
an objection which the licensing autho- 
rity is bound to take into consideration, 
is aggrieved by the decision of the li- 
censing authority thereon; or 
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c) being the holder of a licence, is 
aggrieved by the revocation or suspension 
thereof, 
may within the prescribed time and in 
the prescribed manner appeal to the 
Appeal Tribunal to be constituted under 
this Part of this Act. 

The following major principles enun- 
ciated by the Appeal Tribunal are now 
being applied generally by the Licensing 
Authorities : 


Statutory obligations of Railway 
Companies. 


The Licensing Authorities refused an 
application by the Railway Company for 
an « A » Licence on the grounds that : 


I. A Railway Company is on the same 
footing as any other applicant. 


II. That the applicants (the Railway 
Company) had not shown that the work 
they proposed to do could not be done 
by other Carriers in the district. 

An appeal was made to the Tribunal 
against this decision and succeeded on 
the following grounds:: 


a) That the Railways are in an ex- 
ceptional position owing to their peculiar 
statutory obligations as to collection and 
delivery. If, therefore, the Railway Com- 
pany can show that they could carry out 
these statutory obligations more effi- 
ciently with the licenses than without, 
their application should succeed, not- 
withstanding they will thereby abstract 
traffic from other carriers already en- 
gaged in carrying in the district intended 
to be served. 


b) That the evidence had established 
that collection and delivery could be 
better co-ordinated at a particular point 
with the railway services and could be 


carried out more efficiently by the Rail- 
way Company with the vehicles owned 
by them and under their control, than 
by their employing others to do the 
work. 

Established hauliers, — The mainte- 
nance of the statu-quo should be the 
aim in the first licensing period. The 
established haulier desiring to augment 
his tonnage should furnish proof that 
the increase is necessitated by general 
expansion of industry in the business or 
district. 


New entrants. — The new entrant to 
the road transport industry must prove 
that there are persons ready and willing 
to employ him, and in addition must lead 
evidence sufficient to make out to the 
satisfaction of the licensing authority a 
prima facie case that the haulage work 
which he proposes to carry on cannot 
for some reason be done by other oper- 


ators already engaged in carrying, 
whether by road or by rail. 
Hiring. — A carrier desiring to secure 


licences for his own vehicles in lieu of 
hiring must show some special circum- 
stances why hiring is unsuitable. 


Measures taken by the Railways 
themselves to combat road competition. 


Note. — The paragraphs hereafter are 
definetely confined to new measures taken 
by the Companies, but during the past year 
measures previously adopted have been wide- 
ly developed and extended, e.g. evening 
excursions, holiday season tickets, collection 
and delivery by motor, agreed charges, etc. 


Improvements in train services. — Ex- 
tensive schemes for the acceleration of 
passenger trains have been carried out 
which bring up to 54 the number of long- 
distance express trains travelling at an 


average speed of 60 miles an hour or 
over from start to stop. 

New express goods trains have also 
been introduced and existing services ex- 
tended and improved with the object of 
still further expediting the delivery of 
goods traffic. The fastest goods trains 
run at average speeds of 45 miles an hour 
and are composed of vehicles fitted with 
vacuum brakes. 


Travel savings cards. — A travel say- 
ings scheme, formerly operating experi- 
mentally at a few selected stations, has 
been considerably extended. 

The savings cards are obtainable at the 
stations and are provided with space for 
twenty sixpenny or ten one shilling 
stamps. 

A fully stamped card represents a face 
value of ten shillings and may be pre- 
sented at the railway booking office in 
full or part payment for any description 
of ticket, except, in certain cases, season 
tickets. 

If the card (or cards) does not meet 
the cost of the railway ticket required, 
the deficiency is made good in cash, 
whilst a balance of stamps in the pas- 
senger’s favour is refunded as change. 


Mystery tours by railway. — A num- 
ber of « mystery » tours have been ar- 
ranged and have proved successful. 

Excursions were advertised to-an un- 
known destination, and ran from big cen- 
tres to a local beauty spot, country or 
riverside. In addition diesel railcars, 


where available, were utilised for circular 
trips allowing an hour or more wait at 
several points en route, and descriptive 
literature was handed to each passenger 
at the starting point of the train. 

It is proposed to develop this class of 
excursion. 


Cartage facilities. — Considerable de- 
velopments in connection with cartage 
facilities afforded by the British Railways 
in rural districts have taken place, and 
the number of country lorry services run 
by the Railway Companies referred to in 
the report for 1930 has been increased. 
A progressive policy has been adopted in 
the allocation of motor vehicles at sta- 
tions in agricultural areas, thereby aug- 
menting the services between farms and 
residences and the railway stations. 


The Companies have been subjected to 
severe competition in the transport of 
grain, oil cake and packed manure from 
the ports. With the object of retaining 
present carryings and as an endeavour 
to recover traffic lost, a system of 
« delivered rates » has been inaugurated. 
These rates include delivery to consignees 
and are looked upon by traders as being 
a distinct advance in railway transport 
for this class of traffic. Although: the 
rates have been in operation only a 
short period, experience shows that this 
forward policy has been fully justified 
and its extension to other important 
traffics hitherto only carried at « station 
to station » rates is indicated. 
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Electrification of the Swedish State Railways, 
by Ivan OFVERHOLM, 


Chief Engineer for Electrification, Royal Swedish State Railways. 


At the end of 1933, the total length 
of the Swedish railways was 16543 km. 
(10 280 miles), 7427 km. (4645 miles) 
of which belonged to the State and 
9116 km. (5665 miles) to private com- 
panies. 

The traffic over the State lines in 
the same year amounted to 35 606 000 
train-km. (22425000 train-miles) and 
959 138 000 axle-km. (595 992 000 axle- 
miles), giving an average of 5 048 train- 
miles and 1354174 axle-miles per mile 
of track and per annum. 

The traffic over the private lines in 
the same period was 36 326 000 train-km. 
(22572300 train-miles) and 619590 000 
axle-km. (885 000200 axle-miles), cor- 
responding to 38889 train-miles and 
66330 axle-miles per mile of track per 
annum, or about half the traffic on the 
State lines, calculated in axle-kilometers 
or axle-miles. 

According to the decisions taken up to 
now by the Government 3237 km. 
(2011 miles) of the State lines will be 
electrified before the end of 1937, which 
corresponds to 43.6 % of the State 
system. The electrification of 2435 km. 
(1327 miles) was completed at the be- 
ginning of 1935. 

The parts of the system to be electri- 
fied are those carrying the heaviest traf- 
fic, with the result that, using the 1933 
published figures, 70 % of the train- 
miles and 79 % of the axle-miles will 
be operated electrically. 

It is also proposed to electrify 4233 


km. (766 miles) of the secondary lines 
included in the State system, and if 
this is carried out, 60 % of the total 
State system with 82 % of the traffic 
in train-miles and 90 % of that expres- 
sed in axle-miles will be electrified (see 
fig. 1). 

This would leave 40 % of the State 
system not electrified; this part of the 
system has very light traffic, only 18 % 
of the total train-miles and 10 % of the 
axle-miles. 

Expressed in axle-miles per mile of 
track per annum, the traffic on the lines 
to be, or which is it proposed should be, 
electrified is on the average 50 % higher 
than the average volume of the traffic 
on the whole system; the traffic on the 
remaining lines is only one quarter of 
the total traffic, or one sixth of the 
traffic on the lines to be electrified. 

The electrified lines of the State con- 
sumed 260 million kilowatt-hours in 
1934. When the electrification pro- 
gramme is completed, the annual con- 
sumption will be 430 million kilowatt- 
hours, the maximum power required 
amounting to 100000 kw. 

If the whole of the railway. system 
were electrified, the energy consumption 
would be about 830 million kilowatt- 
hours per annum, and the maximum 
power required 210000 kw. The hydro- 
electric power resources of Sweden are 
estimated at 32 billion kilowatt-hours per 
annum and the maximum power at 6.5 
million kilowatts. In 1934, only 6.05 bil- 
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Fig. 1. — Map of Sweden showing the electrified lines, the 

lines being electrified, and the projected electrification of 
lines belonging to the State Railways. 


LEGEND. 
Position at the Ist January 1935. 
“mmm Pines electrified, in service or under construction : 
In service: 1102 km. (685 miles). 
Under construction : 1229 km. (764 miles). 


otal length of the State Railways at the end of 1934: 7446 km. (4 627 miles). 
Power stations. 


@oe Substations. 
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Fig. 2. — Out-of-doors transformer station at Krylbo. The mobile transformers and circuit 
breakers of Asea design to step down from 130000 and 70 000 to 6 300 volts will be noticed. 


lion kilowatt hours, with a maximum 
power of 1.42 million kilowatts, were 
used. 

These figures show that compared 
with the resources of the country, the 
energy required for traction purposes on 
the whole of the Swedish railways is 
very small, being only 2.6 % expressed 
in kilowatt-hours and 32 % in kilo- 
watts. 

The electrification of the Swedish 
State Railways was begun in 1905 by a 
test length which remained in service 
till 1907. The first important electrifi- 
cation scheme was put into service in 


1915, and covered part of the lines in 
the extreme north of the country, used 
to carry mineral traffic. The electri- 
fication of these lines was completed in 
1923 as the table below shows. The elec- 
trification of the Stockholm-Géteborg 
line was completed in 1926. The electri- 
fication slowed down until 1931 when 
it was resumed at a markedly accelerated 
rate. On the average 50 km. (31 miles) 
of line were electrified monthly, and the 
work already authorised will be con- 
tinued at this rate until the end of 1937. 

The same table also shows that the 
electrification has been carried out in 
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Fig. 3. — Interior of the Uppsala substation, and converter sets. 


ters sets weigh 126 t. 


six stages, and the total cost of the full 
programme will be 265.7 million crowns. 
The system of electrification to be 
adopted has been investigated on séveral 
occasions by experts in the matter. Each 
time the single-phase system was found 
the best suited to Swedish conditions. 
The energy for traction purposes on 
the mineral lines is supplied as 15-cycle 
single-phase current, special generators 
being provided for the purpose in the 
Porjus station: transformers step up 
the voltage to 80000 volts. The energy 
is transmitted over special lines to the 


(124 Engl. tons) and are carried on 7 
carrying a load of 18 t. (17.7 Engl. tons) each. 


The mobile Asea conver- 
pairs of wheels, each pair 


s 


railway, thirteen substations, about 
35 km. (24.7 miles) apart being provided 
along the 434 km. (270 miles) of track. 
The voltage is stepped down in these 
substations to 16000 volts, the pressure 
of the contact line. 

The energy required for traction pur- 
poses on the other lines is taken from 
the high-tension primary distribution 
network. The high-tension three-phase 
current is transformed in the substa- 
tions, by rotary converters, into low- 
frequency 16 000-volt single-phase cur- 
rent fed to the contact line. 


pele 7 


For convenience in transforming the 
current, the frequency adopted is 16 2/3 
cycles. The average distance between 
the feeder points to the railway (or be- 
tween substations) is 100 km. (62 miles) 
with a maximum of 150 km. (93 miles). 

The first substations were fitted with 
fixed converters, 411 substations so 
equipped being in service. 

The further 10 substations required 
for the present electrification programme 
will be equipped with mobile converters; 
similar sets will be used as spares for 
the substations fitted with fixed sets 
(fig. 3). 

The new type of substation is merely 
a kind of garage. The mobile converter 
sets are of exactly the same power as the 
fixed sets. They consist of an alter- 
nating-current 63800-volt 50-cycles syn- 
chronous motor and a single-phase 3 000- 
volt 16 2/3-cycle synchronous generator, 
each machine having its own exciter. To 
raise the voltage on the single-phase side 
from 3.000 to 16.000 volts, a transformer 
is used mounted on a wagon in the case 
of the mobile sets. On the single-phase 
side, the power supplied by the whole 
of the converter sets is 3 000 kVA in nor- 
mal service and 6000 kVA during peaks. 

Figures 4 and 5 show the arrangement 
adopted for the overhead line. The 
carrying wire has a section of 50 mm 
(0.0775 sq. inch) and the contact line 
80 mm? (0.124 sq. inch), both made of 


copper, securely fastened together and. 


each kept under constant tension by 
weights. The contact line is carried on 
poles built up of steel tubes which can 
move along the longitudinal centre line 
of the track. The sag of the contact line 
is thereby kept constant independently 
of temperature variations; it amounts to 
6 cm. (2 38/8 inches) for the usual 
spacing of 60 m. (197 feet) between the 


poles. Experience has proved that a truly 
horizontal contact line was not satisfac- 
tory. The contact line is divided into 
lengths of 1200 to 1400 m. (3900 to 


‘4600 feet), quite independent mechani- 


cally and insulated one from the other. 
A section cut-out switch is fitted between 
the sections and normally connects them 
together. At every fourth section a boos- 
ter transformer is provided. 

A return conductor is carried on the 
poles on the side of the track. It consists 
of copper cable of 130-mm? (0.2015 sq. 
inch) section. A high-tension conductor 
is mounted on the top of the poles; it 
carries 50-cycle high-tension current for 
the signals and other accessory purposes, 
the whole length of the track. 

The telephone, telegraph, and signall- 
ing lines are cables laid in a ditch in the 
embankment. As a result of using a 
return conductor and booster transfor- 
mers, there is no interference in these 
circuits. 

The first electric locomotives of the 
Swedish State Railways, except the test 
locomotives purchased before 1910, were 
ordered for the extreme northern lines 
on which the traffic is mostly mineral. 
They were therefore designed for a very 
difficult service (very heavy goods 
trains) as the passenger service was rela- 
tively light. 

On the other hand, the Stockholm-G6- 
teborg line required locomotives for ex- 
press trains, stopping passenger trains, 
local trains, goods trains, and for shunt- 
ing. In order to investigate this problem, 
a Committee of experts was appointed. 
The Committee proposed 4 different ty- 
pes of locomotive. When the problem 
was examined further, however, it was 
found that one single type should be 
able to meet the various service condi- 
tions laid down, and ultimately a new 
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Fig. 4. — Single-track line. The contact wire 
and carrying wire, both copper of 80 and 
50 mm? (0.124 and 0.0775 sq. inch) section 
are located above the centre line of the track. 
The return conductor will be noticed on the 
posts; it has a section of 130 mm?2 (0.1215 sq: 
inch). The lighting line at 10000 volts 50 
cyeles will be noticed on the top of the poles, 
the two copper conductors each being 30 mm. 
(0.0465 sq. inch) section. 


Fig. 5. — Section point with booster trans- 
former and Asea equipment carried on the 
post (present arrangement), 


Fig. 6. — Asea type D locomotives. 
Weight 80 t. (78.7 Engl. tons). Adhesive weight 51 t. (50.2 Engl. tons). 
Maximum tractive effort 17 t. (16.7 Engl. tons). 268 locomotives of this type are 
in service or under construction. 


Fig. 7. — Asea type Ub shunting locomotive. 


Weight 48 t. (47.2 Engl. tons). Maximum tractive effort 16 t. (15.7 Engl. tons). 
40 locomotives of this type are in service or under construction, 
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type of locomotive particularly suitable 
for the service in question was designed, 
the type D Asea locomotive, with three 
pairs of driving wheels and a carrying 
pair of at each end. This locomotive is 
used for all purposes at the present 
time (fig. 6). It has two motors which 
drive a jack shaft through gearing. The 
jack shaft is carried on the locomotive 
frame on a level with the driving axle 
centres which it drives through hori- 
zontal coupling rods. The locomotive 
weighs about 80 t. (78.7 Engl. tons) with 
51 t. (50.2 Engl. tons) on the drivers. 
In order to be able to use this loco- 
motive in passenger and goods services, 
two sets of gearing have been provided. 
The locomotive, when working express 
trains, can haul a train of 550 t. (541 
Engl. tons) at a maximum speed of 
4100 km. (62 miles) an hour, and in goods 
working, of 900 t. (886 Engl. tons) at 


a maximum speed of 75 km. (46.6 miles) 


an hour. The gearing can be changed 
in the shops in a few days. 

Out of the 401 electric locomotives 
required for the electrification pro- 
gramme, 268 are of the D Asea type. 

This type was, however, found unsui- 
table for shunting, especially when sin- 
gle-manned. For this reason, the type 
Ub Asea locomotive was designed with 
the same motors as the type D and 
6 driving wheels (see fig. 7). 45 lo- 
comotives of this type will be provided. 

The object of the electrification of the 
Swedish State Railways has been from 
the first to use water power for traction 
purposes. This object has, however, been 
more than achieved as the service has 
been improved and speeded up; the elec- 
trification has, moreover, enabled the 


State Railways to meet with greater — 


success competition from other forms of 


transport, a matter of special importance 


at the present time. 
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Track laying for high speeds, 
by Fenice CORINI, 


Professor at the Royal Higher Engineering School of Genoa. 


FIRST NOTE. 


I. — Introduction. 


The ever increasing competition be- 
tween the different forms of transport to 
attain very high speeds has brought the 
layout and construction of the track into 
the foreground in the case of land trans- 
port. 

The problems involved in the layout 
may be considered as satisfactorily solved 
both for rail and road transport. The 
problem of the structure of the ordinary 
road has also received practical solutions 
meeting the very difficult requirements. 
The problems involved in the construc- 
tion of railway permanent way, on the 
other hand, are still to a large extent 
unsolved. 

The track today is much the same as 
when railways were first built. Much 
of the progress made has been due to 
changes in the dimensions of the diffe- 
rent component parts and to improved ma- 

terials. Thus, the first layer of ballast was 
~ about 10 cm. (4 inches) deep, whereas 
today the depth exceeds 45 cm. (48 in- 
ches); the gravel formerly used has been 
replaced by sharp chipped stone. The 
dimensions of the sleepers have not 
changed, but the spacing has been re- 
duced, in some cases to less than 60 cm. 
(2 feet). The rails are sometimes made 
of special steel and the ever increasing 
weight now exceeds 55 ker. per m. 


(1410.9 lb. per yard) on lines carrying the 
heaviest traffic; the length has increased 
from 9 to 12 m. (29 1/2 to 39 feet), then 
to 18 m. (59 feet), and the most up to 
date lines have been relaid with 30-m. 
(98 1/2 ft.) rails. The rail fastenings 
have been improved, the rails now being 
fastened indirectly to the sleepers instead 
of directly. 

In spite of all this, however, there are 
weak points in the track; the many joints 
hinder the introduction of the higher 
speeds the rolling stock is capable of. 

The high-speed problem is not chiefly 
one of locomotive streamlining; it is 
essentially one of stability and comfort. 

The abnormal movements of the ve- 
hicles, mainly due to the layout and 
structure of the track may compromise 
the stability of vehicles running at high 
speeds, and make such speeds unbearable 
for the passengers. 

As we have already said, rational 
layouts and gradients which will meet 
modern requirements can be adopted. 
The joints, however, remain, and form one 
of the obstacles to high speeds. At each 
joint the stock receives shocks which 
cause vibrations and rolling, increasing 
in violence as the speeds are raised and 
joints become more frequent. 

‘The continual technical progress in 
permanent way engineering will doubt- 


eT he 


less result in radical alterations in the 
track, possibly in the ballast and sleepers 
being replaced by concrete beds and 
spring supports. Such a change, of 
course, would take a long time to ela- 
borate, design, and test. But the joint 
problem now appears ripe for a radical 
change. 

The complete suppression of joints by 
welding as practised on _ tramways, 
where the paving protects the rails from 
changes in atmospheric temperature, by 
reducing the amount of variation, is nol 
directly applicable to the present design 
of railway track. 

The problem which can be _ solved 

promptly to-day is that of the maximum 
permissible gap at the joint and the 
corresponding maximum practical length 
of rail. 
' A few studies have been published in 
recent years on this question; the most 
complete are those of WarTrmMaNN and 
BaTIcLE (see Bibliography at the end of 
this note). 

These investigations have made clear 
how rails expand, the effect of the joints 
on such expansion, the slipping resistance 
of the rails on the sole plates, and the 
creeping resistance of the sleepers on the 
ballast. 

The fundamental point of the question, 
namely how to ascertain the conditions 
under which the track gets out of line, 
has not been settled satisfactorily, neither 
theoretically nor practically, even in the 
case of straight track. 


No attempt seems to have been made 
to solve the problem for curved track. 

The fundamental defect in Barictr’s 
theoretical study is that be has taken the 
resistance of the track to transverse 
displacement as proportional to the dis- 
placement itself, as the result of applying 


a hypothesis which can be accepted when 
dealing with the vertical deformations of 
the track, to the study of the transverse, 
deformation, in which case it is not 
acceptable (*). 

The sliding resistance in a plane pa- 
rallel to that of the track is primarily due 
to the frictional resistance between the 
sleepers and the ballast and between the 
first and second layer of ballast, and 
secondly to the compression resistance of 
the ballast transversely and longitudi- 
nally. The reason for this is that the 
volume of the ballast possibly subjected 
to compression and not to simple displa- 
cement may be said to be almost nil in 
the transverse direction and always very 
small in the longitudinal. 

Consequently, the resistance to trans- 
verse sliding may be considered more 
correctly as constant and equal to the 
friction mentioned above. 

The adoption of this new hypothesis 
leads to a differential equation of the 
elastic line entirely different from that 
which can be deduced from the former 
hypothesis. Premises such as, for 
example, those ALBENGA used so brilliantly 
when dealing with the problem of the 
lateral bending of piles driven into the 
ground, cannot be adopted when inte- 
grating it. 

From the experimental point of view, 


' the question cannot be said to have been 


disposed of. The tests made by Ras 
(see Bibliography) were carried out 
without any organic plan and, whilst very 
interesting, did not give any results of 
general application. 


The object of the present notes is to 
deal fully and systematically with the 


(1) This hypothesis has been adopted in 
turn by other authors (see Bibliography). 
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problem of the expansion and deforma- 
tion of rails, both theoretically and expe- 
rimentally; theoretically by adopting the 
correct hypotheses mentioned above, and 
experimentally by following an organic 
plan such that the results of the test 
would be of general application. 


This first note dealing with straight 


The rails are connected as follows : 


1. The connection between the rail and 
fish-plates at the rail ends A and B, by 
means of bolts : the sliding between the 
rail and the fish-plate is opposed by 
the frictional resistance between the 
surfaces of the rail and fish-plates in 
contact, R,, proportional to the normal 
pressure set up by the bolts; 


2. The connection between the rail and 
the sleepers through the sole plate, by 
spikes. Sliding between the rail and sole 
plate is opposed by the frictional re- 
sistance proportional to the normal pres- 
sure set up by the spike. =a 

Let 7, be the frictional resistance for 
each fastening; the resistance per linear 


metre will be , d being the distance be- 


tween sleepers. 

Two values of 7, have to be considered: 
the value 7’, when the rail is fastened 
directly, andr’, when the rail is fastened 

af A 
indirectly, whence 3 and ~ 7 are the 


respective resistances per linear metre. 


.1V—2 


track will be followed by a second, de- 
voted to curved track. 


II. — Expansion of the rails and 
longitudinal sliding. 


Let us consider a section of track be- 
tween two joints and let 2/ be its length. 


3. Connection between the sleepers and 
the plane represented by the upper sur- 
face of the first layer of ballast. The 
sliding resistance is due to the friction 
between the sleepers and the ballast, and 
in the ballast itself. Let 2 r, be this re- 
sistance per metre; it will be r, per rail. 

When the rails are stressed longitu- 
dinally, sliding may take place between 


rail and sole plate if - < r,, and be- 
tween the sleepers and the first layer of 


ballast if “1 > r,. 
d 


Let r be the greater of the two values 
al 
“; and r,, and let us see how the length 


of the rails changes when subjected to 
temperature variations. 

In this preliminary examination let us 
assume that there is a gap between 
successive rails at the ends A and B, so 
that they never touch. 

Let us also. suppose the rail was laid 
at a temperature ¢, and let us examine 
the conditions at a temperature ¢ > f, 


(fig. 2). 


aT 


We |e 


If the rail were not assembled in any 

way, the elongation per metre would be 

eS ath Hh) eer 

taking the coefficient of linear expansion 
of the steel « = 0.000012. 

This elongation can also be produced 
by an axial stress giving the unit 
stresses : 

6= Ka (i— to)... 0th) 
in which E is the modulus of elasticity 
of the steel. 

The thermic expansion corresponding 
to the increase in temperature ¢t — f, 
corresponds to an elastic elongation due 
to an axial stress 

FS. o= S.E.a (i = tp) -« 13) 
wherein S is the cross sectional area 
of the rail. 

When the rail is laid in place, its be- 
haviour can be studied by considering the 
two axial forces F and — F applied to 
the ends A and B, instead of the rise in 
temperature. Let us now consider the 
same rail connected up as mentioned 
above. The conditions are symmetrical 
relatively to the centre point O of the 
rail, which consequently can be taken as 
fixed in all cases. 


Let O be the origin of the abscisse 
OB and OA. Let us also consider a seg- 
ment of abscissae This segment is 
subjected to the following forces: to F, 
positive force passing through the centre 
of gravity (from-O towards B); to R,, 
negative force through the centre of gra- 
vity, and to the resultant of the distri- 
buted forces r per metre, applied with an 
eccentricity e equal to the distance be- 
tween the centre of gravity and the 
lower edge of the rails. 


Seeing that R, and r are reactions, 
sliding occurs in the direction OB when 
F exceeds the resultant of the reactions. 
No sliding occurs when F is equal to or 
less than the resultant of the said reactions. 


If a be the distance of the section 
farthest from O in which there is no 
sliding, we can write : 


U 
eg | ee a cS? 


in which the second term of the right- 
hand side represents the resultant of the 
successive reactions. 


Using (3) and integrating, we get: 


lL yee a 
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whence abscisse & is given by 
S. E. a (¢— bo) — Ra (8) E ie 

r as ii Ry (teary (dey 
The displacement of a segment of Zz 


£=l— 


or 


few ade! Hes Seen ry 


= [a (t— to) — G+) Ea). . 6) 


toe 


Formula (6) can be used when / is The cops of end B is found 
positive or nil. When  — x, A = O in| by making € = J or 
conformity with equation (5). 


he = [a ¢—h) —St + +a) —a). 2. . 


Substituting for x its value as given | or 


by equation (5) we get eoese 4 (EaS(t—t)—R,? (6) 
5, BSatlt—tol? Ri a(@—to) Sr 
a ae 2 r ee a quadratic function of (é—t,) : when 


Oe 
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I 
— 


x — 0, we get for equation ( 


My = lat) -— StS at) 
a linear function of (t—t,). 
K=0, forthe t< ti; i= sae + to 
ES « 


A increases according to a parabolic law 
from ¢t, to ¢t,, t, having the value for 
which « = 0, that is to say: 


S Ea (ft — to) — Ry ay 


— |]— 


whence 


A increases lineally when t>t,. 


The considerations developed when we 
take t>t, can be extended to the case 
in which t<é,. The force F becomes ne- 
gative, but at the same time R, and r 
become positive because they are reac- 
tions. We find for xz and ) the equa- 
tions (5) and (7) in which t—f, is re- 
placed by t,—t. 

The above formule clearly show that 
there is no well defined correspondence 
between the temperature at a given in- 
stant and the distance a section lies from 
the point of origin. This distance de- 
pends upon the above conditions as a 
whole; succeeding phenonema therefore 
must be considered. , 

We can see this quickly by comparing 
the graphs of the formule (8) and (9). 

When ty <t.< ly, = 0; when t, < 
t< ts, i increases according to (8) and 
we get the parabolic are AB; when t > 
ts, 4 increases according to (9) and we 
have the straight line BC. . 

If the temperature falls, 1 diminishes 
according to formula (8) wherein, by 
using T — ¢ instead of t, — t, we get 
the parabolic are CD; when ¢ > t,, which 


cancels # in the contraction stage, we get 
the straight line DF. 

If we again raise the temperature from 
— T” to + T, we get the parabolic arc 
FG with the straight line GHC. In brief, 
the 4 in terms of ¢ follows a cycle similar 
to the magnetic and elastic hysteresis 
cycle. 

It will be appreciated readily enough 
that the same kind of relations between 
i and t can be arrived at starting from 
other initial conditions. The group of 
hysteresis curves for a rail could be 
drawn down. All the curves of a group 
passing through a given point (t, A) give 
the various initial conditions and the 
intermediate states from which we can 
start to reach the position under consi- 
deration. 


III. — Deformation of the track in the 
laying plane. 

Let us consider a section of track AB, 

21 long, laid at a temperature f, and 


heated to a temperature ¢. One section 
CD, 27, = L long, undergoes no displa- 


2 x4 
| } | B 
e Dd 


|. et | 


Fig. 4. 


cement, 24 being calculated from equa- 
tion (5). 

This section CD can be compared to 
a built up girder hinged at C and D and 
stressed by an axial force : 


Fy = 2F = 2ESa(t —t) 
and by a distributed force 2r, per metre 


having the character of a reaction and 
not of a live force. 
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It should be noted that, unlike other 
authors, we consider the distributed force 
2r, = 1, as constant (equal to the 
friction already mentioned) and not as 


proportional to the lateral displacement. 
In a general study of the problem, F, 
can be considered as acting eccentrically, 
the eccentricity being 0. 


Fig. 5, 


Taking C as the point of origin, a 
section S at a distance ¢ from C is acted 
upon by the force F, acting with a leve- 
rage 0 + 7 and by the forces r’, d & 
acting with a varying leverage o — &. 
The moment of F, is given by F 
(6 + vn) and the moment of the dis- 
tributed forces by — 7’,.- «- (L— )ao. 


= GS Shy See Se 


Let I be the moment of snore of the 
track relatively to the vertical axis 
through the centre of gravity. We shall 


2 
have I —2A (=) if A be the area of 


the cross section of the rail, and s the 
gauge of the track. 


The equation of the elastic curve is given by: 


— EI on SPS ok. RENE (L—sc)=M (10) 
By deriving twice (see Bibliography) we get : 
Ui a Lt M 
— EI _ -"1, 73 et 2st (eee (107 
Dei M we get 
Hil feet ba Py et 8, og: 
ee 1 2 dl? : seh 8 aA) 
If we take : dc 
ee M eo F, The integral of (11) is 
pa Nes 20 2 pager ey z=Asin(as) + Beos (as). (42) 
or 
Ea Os +a F, (6 + 4) —7"9o (L—o)} =A sin(ac) + Beos (ac). (43) 
whence : 
F, 4 = [— Fy + 9g¢(L—o)| + ee [A sin (a c) + Beos (a c) + 27"2)] (44) 
; om 
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: Let us calculate the constants so that We then have : 
we have : r ; 
fgh: ska eat) n= 0 B = F, 6a? — 21, and 
eet Ceres 9 SINS EF aL | 
for hrs iin A= (F, 6 do 2 Ma) 6 
4 
The equation of the elastic curve is therefore : : 
OF s 2) ( a Fel 21’. 6 (L-—s) 
14 =(— tg —— sin (a cos (a «) — 1} + —=——. ..._-(18 
nan(— pee + 2) (te AP sin (@ 0) + 08 (a «) =) + <A (13) 
or again 
aL 
cos —— — (ac) 
2 1, 21.6 (L—s) 
eal ee a 1 a ____—., + SAD 
: ( Fy a? < ~ aL Ra 2F, My) 


The deflection of the curve becomes 


f=(- Bari 42s 3}/—_- +1 fee Rall steils SAR. RUB 


2 
| F,a os 8 F, 
When 0 = 0, as is our case, ; « 
— 221, =! oT Rae 
ee S| eet fae OSE Seth) 
& | sgqz). a as06 cos“ Se a oad } Lhe 
a aL flexion nome the sections CD, there 3 * 


——— == ) -_ 
Seg Oey Shes ) > BW ats os is none between the sections AC and Dise a 


After having calculated the length L~ 
which satisfies formula Sade we can ob- 


- co Evan oe 
; tain from it ‘laa | — 


i: ten ee the profile of ie line bel 


a0 986 == 


IV. — Maximum length relatively to 
the maximum permissible gap. 


So far the rails have been supposed 
to be free to expand, and this means 
gaps 22, which generally speaking are 
out of the question for the values 2/ 
satisfying the conditions above. 

Let 2 0 be the maximum permissible 
gap. This is equivalent to saying that 
the expansion /, can only take place to 
the extent 0 and that the two rails will 
have to transmit to each other a force 
® capable of cancelling the elongation 


he — 6. The value of this force © is 
given by 
ps a4 2 ES. (23) 
l—wa 


We must now see that the length 2/ 
of the rail meets the requirements of 
formule (19) and (49’) when applied 
to the case of the force ®. — 


We should have : 


Poe (ear @ 
:p ES 
and 
120 Sasa aL Al < 2% 
a,® a,L 8 
cos —— 


The value of 22 is obtained by succes- 
Sive approximations. 

We have to ascertain the largest gap 
2 6 compatible with good riding of the 
vehicles. . 

The maximum value of 2 d should be 
such that the amount the wheels drop 
through gaps in the track lies within 
limits corresponding to possible vertical 
discontinuities. 

Based on these discontinuities we 
ought to have : 

a2 
2R 
R being the radius of the wheels. 


z 


This gives 
A < V2 Rh, =) 0. 


This maximum distance will corres- 
pond to the minimum temperatures. 

The deformations could also be studied 
by no longer assuming the possibility of 
an unlimited displacement of the ends 
and by introducing, on the other hand, 
the hypothesis of a limited displacement 
2 9 and the application of a force 
increasing with the temperatures. 

The formule used would be those 
found for Ap < 6 and those found by 
substituting for R,, R, + ® with Ap > o. 


V. — Deformations in a vertical plane. 


The deformations in the vertical plane 
may be grouped into : 

a) those due to the track lifting; and 

b) those due to the track sinking. 

a) Deformations through the track 
lifting. — In the first case, the distri- 
buted force which resists the deforma- 
tion consists of the weight of the track 
(metal parts and sleepers) and the fric- 
tional resistance of the sleepers and bal- 
last through the intimate contact ob- 
tained by packing. This distributed force 
is independent of the deformation, and 
may be represented by r”,. 

Let I’ be the moment of inertia of a 
section of rails relatively to the hori- 
zontal axis passing through the centre of 
gravity. We have I’ — 2%’ if v be the 
moment of inertia of one rail relatively 
to its horizontal axis through the centre 
of gravity. : 

Obviously I’ < I of chapter III (24). 

The differential equation of the elastic 
curve is still equation (10) with I re- 
placed by I’, andr”, substituted for 7’,. 

If the track were not packed, r”, < 
r’, and, from formula (24), the rails 


reo 


wt 
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would be deformed in the vertical plane 
before being deformed in the horizontal. 

If the track is very well packed, we 
can have 7”, > 7”, with opposite results. 

In practice, the deformations always 
take place in the laying plane, because de- 
formation is caused by the simultaneous 
action of temperature and locomotive 
running. 

Whilst the transverse component of 
this action can deform the track hori- 
zontally, the vertical component prevents 
the track from lifting. This question 
will be investigated in a separate note. 


b) Vertical displacement by sinking. 
— In this case, the continuous resistance 
proportional to the displacement can be 
represented by By and the differential 
equation of the elastic curve in place of 
formula (10’) is si fe oe 


dl4 %, 
sae Ag By at _ "+By=0 (28) 


In this case 7 can be expressed by the 
Fourier series (1) 


+ El’ 


Ae SG sin ae | - (26) 
0 


By substituting in (25) and resolving 
relatively to F, we get 


Ee y Sdn =) + BYan [sin 
Li Li 


he u 
“sts y " a _ me aa) 
a Ay | SI = oy 
L L 
Let us take 
Ay = Oy = Ap] =... Ogg =..On= 05 a, £0. 


and we get for F, : 


pr(“*) ® El 

g 'K*xt + BL* 

Fk — ( K m } —— K2 at) L2 (28) 
L 


(1) See Atprenaa (Bibliography). 


or 
5 El’ K+ x4 BL? 
hiperrnrire eS 
The value of K for which F, becomes 
a minimum is the whole number nearest 
to 


; Bia ders j 
K = een gL 
T KI’ (9) 

for which 

Fy = 2V BEL. 6 oe (84) 
Whatever the length, there is no in- 

flection if F, satisfies equation (31). 
In view of the high value of B in the 
case of the track, the expression (31) 
always proves correct before the defor- 
mation in the laying plane shows itself. 


VI. — Practices liable to result in 
maximum gaps at joints. 


The considerations developed above 
show that the cause of the track getting 
out of alignment is the compressive 
stresses set up by loads on the rail ends. 
If a given value of F, can cause lateral 
bending through compression, the same 
absolute value acting in tension may give 
no trouble. 

In order to make the distance between 
the rail joints as great as possible, the 


track should be laid and the welds made - 


at a temperature ¢, such that, if t,;, is 
the minimum permissible temperature, 
the tensile stresses due to the difference 
in temperature ¢; — tmn, in conjunction 
with the stresses due to the loads, remain 
well within the breaking stress. 

The distance between the joints will 
be calculated by the methods given in 
the previous chapters, the difference in 
temperature used being tmax — ts. In 
practice the rails would have to be heated 


beforehand by means of suitable electric — 


equipment. 


———E—————— 
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In the second part of this study, based 
on experiments, we give particulars of 
the experiments carried out to obtain the 
actual constants used in the theory ex- 
pounded. The formule obtained will be 
applied to actual practical cases. 

Finally we will give the results of a 
test which enables us to check the 
results of the theoretical investigation as 


a whole. 


* 
% * 
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SECOND NOTE. 


I. 

The previous note is a general study 
of the problem relating to the calculation 
of the longest possible rail length by 
ascertaining : 

the expansion of the rail and the 
corresponding longitudinal sliding; 

the deformation of the track in the 
laying plane; 

the length of rail in relation to the 
greatest permissible gap; 

the deformations in a vertical plane; 

and finally the various factors tending 
to make the distance between the rail 
joints a maximum. 

One of the first conclusions of a 
practical order drawn from the above 
study was the value of preheating the 
rails beforehand by a suitable electrical 
process so that the rails under variations 
of atmospheric temperature would be 
‘subjected mainly to tensile rather than 
to compression stresses. 


Before other practical conclusions 
could be drawn, the values of the sliding 
resistances of the track on the ballast, in 
the longitudinal and transverse direc- 
tions, and the sliding resistances of the 
rails on the sole plates, both when fas- 
tened directly and indirectly, had to be 
determined. 

The formule found in the first note 
can only be used when the values of 
these resistances are known. 


sell 


First of all it should be noted that a 
long series of experiments are necessary 
to ascertain these resistances in the dif- 
ferent conditions of the track met with 
in practice. 

The general solution of the problem 
we are dealing with only requires, how- 
ever, a knowledge of the order of ma- 


gnitude of the abovementioned resis- 
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tances. For this reason we carried out 
only a limited number of tests, which 
are sufficient to make clear the relative 
importance of the said resistances (*). 

In the third note will be given parti- 
culars of the above mentioned tests, car- 
ried out with the assistance of Professor 
Edmondo Casati, with instruments be- 
longing to the Laboratory of Applied 
Mechanics of the Higher Engineering 
School, Genoa. 

The results may be summarised as 
follows : 


A. Sliding resistance between the rails 
and supports, with direct fastening for 
each pair of fastenings: 3300 kgr. 
(7275 Ib.); whence the resistance r for 
each direct fastening was 1650 ker. 
(3 637.5 Ib.). 

Sliding resistance between rails and 
supports directly fastened 
r’, 1 630 
d 0.65 
705 lb. per foot of track, (0.65 m. = 2 ft. 
1 5/8 in. being the sleeper spacing. 

Sliding resistance between rails and 
supports directly fastened, per metre of 


track : 5 076 kgr. = se f 


= 2 538 ker. per metre or 


B. Sliding resistance 2r’’, between rails 
and supports with indirect fastening, 
per pair of fastenings: 6600 ker. 
(14552 lb.); whence the resistance r” 
for each indirect fastening — 3 300 ker. 
or 7275 Ib. 


Sliding resistance between rails and 
9) pl! 
supports with indirect fastenings =! : 


(1) A large number of systematic tests 
have been carried out on the Italian State 
Railways, at the Pontasieve depot, from 
which the sliding resistances between rails 
and sole plates have been calculated, and the 
results will be published by the Engineering 
Department. 


— 5076 ker. per metre or 3 410 |b. per 
foot of rail. 

Sliding resistance between rails and 
% ry 
d 
— 10152 kgr. per metre or 6 820 lb. per 
foot of track. 


supports with indirect fastening 


C. Longitudinal sliding resistance 
on the first layer of ballast 2r, — 613 
kgr. per metre (4142 lb. per foot) of 
track. 


D. Transverse sliding resistance of the 
track on the first layer of ballast 2r’, 
— 257 kgr. per metre (173 lb. per foot) 
of track. 

A fundamental observation can be de- 
duced at once from the results of this 
test. 


The longitudinal sliding resistance be- 
tween track and ballast is appreciably 
lower than that between rails and sup- 
ports. When direct fastenings are used 
the ratio of these resistances is about 
6 hee , 6 
50 and with indirect fastenings 100" 

The deduction to be drawn therefrom 
is that the deformations of the rails pro- 
duce sliding of the whole track in the 
laying plane, whereas there is no sliding 
between the rails and the supports. 

The second conclusion of a practical 
order is : 


If advantage is to taken, to the benefit 
of the stability of the track, of the high 
sliding resistance between rails and sole 
plates especially with indirect fastenings, 
the sleepers should be anchored to the 
ground. 


The fundamental rule to. be observed 
when building new track for high speeds 
is to heat the rails before laying them 
and to anchor the sleepers. 


Spies 


LL; 

We will now determine the longest 
rail that can be used in the two following 
cases : 

a) Use of the standard type of track 
and laying the rails after preheating 
them. 


Cross sectional area of a rail 
Modulus of elasticity 
Coefficient of expansion 


Maximum length of rails in ordinary 
track and rails heated before being laid. 


As we saw in Note I, two conditions 
have to be taken into account when cal- 
culating the maximum length. 

The first is that the length 2 2 — L 
of the centre part of the rail which does 
not lengthen, satisfies the equations (19) 
and (19’), ie. is such that it is not 
deformed in the laying plane by the load 
on the end. The second is that the total 
length of the rails satisfies the equations 
(19,) and (19’,) for an end load corres- 
ponding to the transmitted force between 
two consecutive rails for the limited gap 
at the joint. 

Let us adopt this second condition : 
we will see that in the case of non-an- 
chored sleepers it is much more restric- 
tive than the first. The limits of tem- 
perature variation between which the 
stability of the track has to be guaran- 
teed are defined by the extreme temper- 
atures — 25° C. and + 55° C. (— 13° F. 
and + 134° F.). 

We will begin by finding what is to be 
the laying temperature so that at the 
lowest temperature the gap shall lie 
between predetermined limits, and that 
the maximum tensile stress to which the 
rails may be subjected shall also be 
within predetermined limits, the gap 
when the rails are laid being taken as 


b) Use of track with anchored sleepers 
and laying the rails after preheating 
them. 


In both cases the Italian State Rail- 
ways’ F. §. 46° track with sleepers 
spaced 65 cm. (2 ft. 1 5/8 in.) apart is 


used. In this case we have : 
iS ool aecmes 
- E = 2 X 106 ker. per em?, 
os Oy =P Se OC. 


nil. We shall see if this hypothesis can 
be altered usefully. 

The advantage of laying the rails with 
the ends touching is that they can be 
planed more easily in place to rectify any 
difference in height. 

The maximum gap between rails is 
fixed between the limits explained in 
Note I. 

For a maximum distance 2d of 0.5 
centimetre, the maximum distance the 


2 
wheels jump would be h = d and when 


D 
D = 100 cm, h = 0.000625 cm. or 
6 thousands of a millimetre which would 
appear to be more than bearable. In 
any way, the correctness of this hypo- 
thesis has been proved more or less by 
experiments including the taking of dia- 
grams of abnormal movements. 

The maximum tensile stress that may 
be set up in the rail by temperature 
changes can be calculated by the follow- 
ing criterion. 

The breaking stress of rail steel in the 
Italian State Railways’ specification is 
7200 ker. per cm? (45.7 Engl. tons per 
sq. inch.). With a factor of safety of 
3.5, the safe stress as regards stability 
can be taken as 2000 kgr. per em? 
(12.7 tons per sq. inch.). If an allowance 
of 1000 ker. per cm? (6.35 tons per sq. 
inch) be made for the elastic stresses, 
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the maximum stress due to temperature 
may be limited to 1000 kgr. per em’. 

As the cross sectional area of a rail 
is 59.26 cm? the allowable tensile stress 
is 


F.=. 11000 ker fom* 15% 7 59.20) <em= 


= -59 260 kgr. (58.3 tons), The tempe- 
rature range is 
6= Ewe = Ka (F— fo) oe 21) 
or 
ly — ty = re baie 41° (2) 
whence 


2at, LA eiote Seana ey 


Ry, a 


Making t, = — 250 
we get 
ty — 16° . . . . (4) 


which means that the greatest gap be- 
tween the rails should be found at 
+ 16° C. (60.8° F.). 

The laying temperature ¢,, and the rail 
length 27 are calculated so as to satisfy 
equation (9), Ax = 0.25 cm. (0.0984 inch.) 
and equation (19), taking « — 0. 


We will make sure that this hypothesis 
does correspond to the actual conditions 
of the track, as given above. 


Formula 9 becomes : 


i= E (tm — ty) — ES 2ES 


in which R, is the sliding resistance be- 


tween fish plates and rails taken as 
10000 kgr. and r the longitudinal slid- 


10 000 


4 1 = 0.25 cm. = 0,0984 inch. . . (5) 


ing resistance between track and ballast 
for one centimetre length of rail. 

With concrete values, equation 5 be- 
comes : 


0.95 = |. 10-° (im—16) — 


Instead of considering the system of 
this equation and equations 419,, let us 


3.06 oy 
a xX 
2x 10° x 59.26 2x2 x 10° X 59.26 


x1. (6) 


approximations. Taking 2/ — 10800 cm. 
(354.3 feet), ¢,, in equation (6) can be 
calculated. We find 


250 000 = 64 800 (tm — 16) — 445 200 — 349 200 


make an investigation by successive 
va 
BAB we 1055 °X 100 - 16 
64 800 


tm = 32°C = 89.69F. 


Now let us see if the track of 108 m. 
(354.3 feet) lengths laid at 32°C. (89.6 F.) 
with the ends of the rail just touching 
when heated to 55° C. (131° F.) is under 
stable conditions. 

As regards unit stresses we can be 


certain they will not exceed the 1000 kgr. 
(6.35 Engl. tons per sq. in.) as the 
temperature rise is only 23° C. (44° F.), 
whereas the maximum stress would occur 
with a difference of 44° C. (73.8° F.), 
if there were no lateral bending due to 
end loads. 


We can say therefore that the stress 
will be about 576 kgr./em? (38.65 Engl. 
tons per sq. inch.). 


OF 


2S pe 


: ; : wees 
We now have to see if there is any | longitudinal displacement would be, 


likelihood of the track being deformed again supposing X — 0. 
in the laying plane. R r 
If ai — , = a (tmax—tm) — —- — Lid (7) 
the rail ends were free to move, the ES 2KS 


10 000 3.06 


Ap = |12 x (55 — 39) 
259.26 %2x2x«59.96 


x5 100] x 5400 x 10-6 = 0.6912 em.= 
0.272 inch. 


As no such expansion can take place, at the ends of the track there appear two 
forces ? given by (204) : 


) 3919 
G2 Sons aN 2X 22— 10% x 59.26 ==. 30192 kar. a8) 
l 5 400 
For (49,) we must have Let as now see if equation (19’) is 
Sear Pilates - (9) satisfied : 
~—p Ate 4 \ (2 1)? 
wherein — +1) > —— (42) 
s\2 | a,?{ Cos a, (2 l) 8 
8's 3 — 624.000 em4. (10) meee 
We then find wherein : 
=. ¥/ El 16956 em. = 354.3 feet. (11) Fal a Bh 
? ; EI 5 386 
As 21 = 10800 cm. = 354.3 feet, equa- 
fion 9 is satisfied. ieee We then get : 
1 1 ‘ (Qh? we 
—_ ~ /-_______ +-4| = 3 x (8 386)? -_ = —_(5 400). 
a? COS a, (21) + | ( 8 8 
2 | 


and consequently equation 12 is satisfied. -+ 55° C. negative values of 2 are ob- 


- We still have to check the hypothesis tained. 

that « = 0, i. that there is no portion As r and R, are reactions, the inter- 

of the rail which does not expand due pretation x — 0 naturally follows. 

to the assumed differences in temper- The conclusion we come to is that for 

ature. the ordinary type of track, ie. without 
All that is needed for this is to use the sleepers being anchored, rails 108 m. 

formula 5 of the first note : (354.3 feet) long [obtained by welding 


ne together 48-m. (59 ft. 5/8 in.) rails} can 
sg eee be used if they are laid at a temperature 
e of 82° C. (89.6° F.) with the ends in con- 

By using the relative values either for tact and by making the bolt holes in the 
the range + 32 to — 25° C. or + 32 to rails and fish plates and the bolts of 


c= 


oe) 


such diameter as will allow each end a 
maximum displacement of 0.25 em. 
(0.0984 inch.). Under these conditions 
the track is stable for temperature va- 
riations between — 25° and + 55° C. 
(— 13° F. + 132° F.). The most severe 
track conditions are at — 25° (— 13° F.) 
at which temperature the rails are sub- 
jected to a positive unit tensile stress of 
1000 kgr. per cm? (6.35 Engl. tons per 
sq. inch.). 

Rail steel should therefore have a 
breaking strength of not less than 7000 
kgr. per cm? (44.4 Engl. tons ='99 600 lb. 
per sq. inch.). 


LY. 


Now let us study the conditions of the 
new type of track with anchored sleepers. 

First of all we must see how this an- 
choring can be provided. 

The simplest methods are based on the 
principle of the «2 hooks, consisting of 
latticed elements mainly stressed in shear 
so that the pull on them is reduced to 
a minimum. 


In the case of railway lines the exis- 
tence of the first layer of ballast prevents 
this principle being applied. 

Consequently the anchoring of the 
sleepers will only be made possible by 
tying them together longitudinally with 
flat steel bars, nailed to the ends, and by 
connecting them to concrete posts em- 
bedded in the ground. 

The distance between the posts must 
be less than 20 times the rail height to 
prevent deformation in the vertical plane. 

With such anchoring the question of 
the track sliding on the ballast need no 
longer be considered, but only possible 
slip between the rails and supports. 

Furthermore, the transverse sliding re- 
sistance depends upon the reaction be- 


tween the soil and the posts embedded in 
it; in this case this resistance can be 
considered as proportional to the displa- 
cement . 

The conclusions deduced from the 
study of point (b) of § IV in the first 
Note are therefore applicable to this 
case. 

This is equivalent to saying that, 
whatever the rail length, there is no de- 
formation in the horizontal plane pro- 
vided that the axial force F, satisfies the 
condition : 


F, <2VBEL. 


The problem considered from the con- 
structional point of view can be brought 
down to the following : 


We have seen that in order to keep 
the tensile stress in the rails at — 25° C. 
under 1 000 kgr. per cm?, the rail temper- 
ature, when no further contraction is 
possible, should be 16° C. 

When continuous rails without joints 
are used they should be laid at this tem- 
perature. 

For a temperature rise up to 55° C. 
an axial force F, must be presumed, 
such that 


F, =2Sce¢ =2S KE —2S Ea (tax — tm). 


For the Italian State Railways’ track 
when 


‘we find 


F, = 112320 ker. 


The unit compressive stress will cer- 
tainly be below 1 000 kgr. em?. 


To prevent deformation in the hori- 
zontal plane, a type of anchorage is re- 
quired such as will satisfy formula (43), 
ie. such that the coefficient of propor- 
tionality which gives the lateral sliding 
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resistance per unit of length, in terms 
of the displacement shall be given by 


FV 
Sey 3025 x 106 
EL ~ 2x 108x620 000 


B — 0.0016 kgr. per centimetre of 
track and per centimetre of displacement. 

With a safety factor of 10, we get 
B = 0.016 kgr. per centimetre of track 
and per centimetre of displacement, or 
1.6 kgr. per metre. This coefficient is 
small and readily obtained in practice 


* 


even in ground of limited resistance by 
using concrete posts of limited side area, 
spaced as indicated above. 

The conclusion is that if the sleepers 
are anchored and the rails are laid after 
preheating them the correct amount, an 
unlimited number of rails can be welded 
together and the joints done away with. 

The above conclusions, which we con- 
sider of the greatest importance in con- 
nection with very high speeds, have been 
confirmed by many carefully carried out 
tests. 


* 


THIRD NOTE. 


This Note gives the results of tests car- 
ried out to find the constants introduced 
in the second Note. These tests were 
carried out at the Genoa Higher School 
of Engineering, under Professor Ed- 
mondo Casati. 


The objects of these tests were : 


a) To ascertain the resistance offered 
by the ballast to the longitudinal sliding 
of the track as a whole, i.e. sleepers, rails, 
and fastenings. (resistance given by 
2r, = 7’, in the first Note). 

b) To arrive at the resistance offered 
by the ballast to the transverse sliding of 
the track again considered as a whole 
(resistance 7’, in the first Note). 

c) To find the sliding resistance be- 
tween the rails and sleepers when direct 
fastening is used (resistance 7’, in the 
first Note). 

d) To find the sliding resistance be- 
tween the rails and sleepers when in- 
direct fastening is used (resistance 7”, 
in the first Note). 


Tests a) and b). 

a) A 2.25-m. (7 ft. 4 1/2 in.) length 
of Italian State 46°? rails on four 
sleepers was laid in one of the courtyards 
of the School. The ballast of usual size 
was broken stone from the marble quar- 
ries as used on the lines of the Genoa 
division. 

The first layer was 40 cm. (16 inches) 
thick; the second, the full depth of the 
sleepers. Then ends of the sleepers were 
covered with ballast to a depth of 12 cm. 
(4 3/4 inches). 

The ballast was hand packed by trained 
men following the practice of the State 
Railways. 

A capstan held down in the soil by 
Fioroni patented anchoring latticed ele- 
ments was connected to a spring dynamo- 
meter reading a maximum pull of 
10 000 kgr. (22 040 lb.) connected in turn 
by wire rope to the first sleeper (see 
photo 4). oe 

When using the capstan, the initial 
longitudinal slip of the track occurred 


+, 
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with a pull of 1380 ker. (3042 lb.). The 
pull was checked by an extensometer in 
the chain between the capstan and the 
dynamometer. 

The test was repeated three times, the 
readings being : 
2.25 m. 


As the weights of materials placed in 


Broken stone: 2000 ker. X (2.60 X 0.14 x 0.32) X 4 . 


Rails: 46.3 ker. X 2 X 2.25 

Sleepers: 80 ker. X 4... 

Fastenings: 18 ker. X 4 . 
PBN. L, 


the average coefficient of friction be- 
tween the sleepers and ballast and be- 
tween the first and second layers of 
ballast is given by 
pees 1 380 
een 529 


= (0.90 approx. 


b) To ascertain the lateral sliding re- 
sistance, the same length of track and 
equipment as for tests (a) were used. 

The connection to the capstan was 
altered, of course, so as to get a trans- 
verse pull, ie. at right angles to the 
centre line of the track (see photo 3). 

Rails, sleepers, fastenings 


Broken stone } 2000 ker. x (0.2 
2 


6 
(at ends). 2000 ker. X (0.26 


We get therefore 


; 580 
fo are 0.74. 

By varying the length of track tested, 
different enough values would have been 
obtained. As explained in the second 
note, the object of these tests was to as- 
certain the order of magnitude of the 
resistances in question. This is why the 
tests were limited to those made with 
the section of track mentioned. 


Ist test 1 380 ker. (3 042 Ib.). _ 
2nd test 1360 ker. (2998 Ib.). 
3rd test 1400 ker. (3086 Ib.). 


The longitudinal slipping resistance of 
the track with 46° rails, for the ballast 
described, can be taken as 


= 613 kgr. per m. (411 lb per foot). 


the ballast are: 


ill 


1529 ker, 
Sliding started at a pull of 580 kgr. 
(1279 lb.). The test was repeated three 
times with the same result. 
The transverse sliding resistance of 
the track on the ballast has therefore 
been taken as being 


pis = =o = 257 kgr. per linear metre 


Total 


ae 


or 173 lb. per foot of track. 


To ascertain the coefficient of friction, 
in this case almost solely between sleepers 
and ballast, the weights to be taken into 
consideration are : 


a | 


{ 


F Pot, Pa 600 ker. 
x 0.14 X 0.10) 
X 0.50 X 0.25) De 


| 


776 ker. 
Test c). 


To find the sliding resistance between 
rails and sole plates using indirect fas- 
tening, two sections of 46° rail were 
laid with the proper sole plates, the bolts 
being tightened up fully and the stan- 
dard Italian fish plates being fitted. 

The sole plates were fitted with the top 
edge of the plate (with the sections ar- 
ranged vertically) extending about 2 cm. 
,25/32 inch) beyond the end of the 


sir ctites tet) 


oe th 


Photo 3. 
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rail. The two sections, with the respec- 
tive sole plates facing one another, were 
placed in the jaws of the 500-ton Mohr 
and Federhaff testing machine of the 
building Materials Testing Office. 

This arrangement ensured the forces 
tending to cause sliding to be centred. 
The relative sliding was measured by an 
ordinary Salmoiraghi flexometer with 
which displacements of one tenth of a 
millimetre can be read directly (see 
photo 3). 

The tests showed that sliding began 
under a load of 6600 kgr. (14550 Ib.). 

As the same result was obtained when 
the test was repeated, the effort tending 
to cause sliding between the rail and its 
sole plate with indirect fastening can be 
taken as : 


ne “— == 3 300 ker. (7 275 lb.). 


Test d). 


The sliding resistance between rail and 
sole plate with direct fastening was found 
in the same way. In this case the two 
sections of rail were laid on two sections 
of sleepers placed as longitudinal sup- 
ports. The top of the sleepers projected 
about 2 cm. (25/32 inch) beyond the 
end of the section of rail. The forces 
acting were also centred by making the 
experiments with a pair of rail sections 


arranged symmetrically on a_ vertical 
plane. The test was carried out on the 
60-ton A 41 Amsler machine in the labo- 
ratory in question. 

The relative movements were read by 
means of a Griot flexometer (see pho- 
to 4). 

Sliding was found to start at the fol- 
lowing loads : 


Ist test 3 400 ker. (7 495 Ib.). 
2nd test 3 200 ker. (7055 lb.). 
Average . 3 300 ker. (7 275 Ib.). 


From this the sliding resistance be- 
tween rail and sole plate with direct: 
fastening is : 


r= — — 1 630 kgr. (3 637.5 lb.). 


These tests show that the sliding re- 
sistance of the whole superstructure on 
the ballast is notably lower than the slid- 
ing resistance between rail and sole plate, 
whether with direct or indirect fastening. 
Consequently, all deformations of the 
track through various causes, especially 
variations in temperature, are always 
caused by the whole superstructure slid- 
ing on the first layer of ballast. 

In order to take advantage of the high 
sliding resistance between rails and sole 
plates, the sleepers must be anchored to 
the ground. 


‘ 
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The time factor in railway economics and statistics, 
by Dr.-Ing. Frirz LANDSBERG, Reichsbahnoberrat, i. R. 


I. — Economic principles, 


In all industrial undertakings the 
question of costs can be reduced to the 
following equation : 


Total costs = 
Expenditure on wages + 
Expenditure on materials + 
Capital charges (for the preservation 
and renewal of the assets) + 
Miscellaneous charges (e. g. taxes, royal- 
ties, social charges, etc.). 


The cost, i. the expenditure side of 
the production properly speaking, is the 
basis of all financial measures, espe- 
cially those in which the _ receipts 
accruing from the products are taken 
into account. The equation also provides 
— as as whole and in its parts — the 
foundation on which the budget is pre- 
pared and checked, and in many cases 
the means of investigating the economy 
of the working. 


Cost of Wages 


Cost of materials 


So far as this article is concerned, in 
studying the question we must limit our- 
selves to deriving from this equation the 
absolute time factor, i.e. independent of 
the technical and financial management 
and its effects. This obviously means 
dealing with the expenditure per unit of 
production or work (unit cost). : 

The fundamental equation is valid for 
the total cost in a given period; it is also 
applicable to the total cost of a single 
unit. If the products are the same in 
kind, the unit cost can be ascertained 
from the ratio of the expenditure over 
a period to the number of units produced 
in that period. 


In the opposite case, the cost of certain 
industrial products or groups of pro- 
ducts can be found by bringing together 
the costs of production and dividing 
them by the number of units produced. 

In each case, the following equation 
is obtained : 


Miscellaneous charges , Capital charges 


Number of Number of 


units produced 


the unit 


The first two factors depend upon the 
industrial and commercial conditions, 
such as rates of pay, organisation of 
work, standard of equipment, kind of 
materials and how used, recovered waste 
products, etc. These elements into which 
the time factor also enters, whether in- 
dustrial or « relative », influence the 
relation between cost of wages and ma- 
terials, and the quantity produced. The 
numerator and denominator vary to- 


1V—3 


units produced 


+ 


Number of 
units produced 


Number of 
units produced 


gether according to laws depending on 
the particular nature of the production 
and the method of working. 

The third factor depends upon admi- 
nistrative regulations and legal require- 
ments. 

~The numerator of the last factor has 
a fixed value which only changes over 
long periods by increases or reductions, 
by depreciation, by alterations in interest. 
rates, but which must be taken as con- 
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stant for our purpose. This cost ele- 
ment, therefore, depends on the quantity 
of units produced, and therefore on the 
« utilisation » of the available plant. 


Utilisation. 


The idea of « utilisation » can be 


Actual quantity Actual work 


in unit time x 


Possible quantity Possible work 


This equation can be written : 
Utilisation = Intensity 


In the above we are to understand by 


and 


Actual quantity 
Possible quantity | 


and in the same way by : 


defined by comparing what has been 
done or made with what could have been 
carried out or produced, in the time 
available with the materials and labour 
to hand. It can be expressed by the 
equation : 


Actual service life 
Possible service life 


factor x Time factor ('). 


the number of units produced in the period considered, or of those 
which could have been produced therein, had complete use been 
made of the plant available and the possible working period. 


Actual work and({ the actual production or the maximum production possible for 


Possible work 


Actual working 
period and 
Possible 
working period 


the available equipment in unit time. 


the actual working period or the longest possible working period. 


The element « capital charges » in the equation giving the unit cost can the- 


refore be written : 
Capital charges 


il ] 


Possible quantity 


ie. equal to the best obtainable value di- 
vided by 7 & z. These two values indicate 
the material and temporal utilisation 
and, as we have explained, directly affect 
the part of the capital charges chargeable 


Intensity factor i 


Time factor = 


to the unit of industrial production or 
work carried out. 

To make it easier to understand these 
ideas, let us quote some examples taken 
from railway operation : 


Example of the utilisation of a line: 


Capital charges k per km. operated 


k 


Train-km. per km. operated ~ Possible train-km. per annum per km. operated x ix = 


wherein : 


the intensity factor i = 


Actual train-km. per day and per km. operated 
Possible train-km. per day and per km. operated 


Actual train-hours 


and the time factor s = 


(1) Ideas and notations taken 
Selbstkostenrechnung » 


edition. 


Possible hours per annum. 
ee a a ee ee ee es eS ee ee es ee 


1S from K. RumMMev’s excellent book « Grundlagen der 
(Principles of the caleulation of cost prices), Stahleisen, 1934 
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Example of the commercial utilisation of the locomotives: 


Capital charges k of the locomotive stock k 


Actual number of engine-km. run annually 


wherein : 


Actual locom.-km. per day per locom. 


Possible locomotive-km. per annum xX i X @ 


Number of locom. used 


~ Possible locom.-km. per day per locom. 


Number of locom, in working order 


Actual locomotive-days per locomotive and per year 


<= 


Calendar days 


The structure of these notions shows 
that : 


1. It is essential to calculate the 
« possible output » and the « possible 
time » if the degree of utilisation is to 
be ascertained. Two methods can be 
followed : 


a) The maximum theoretical utilisation 
of an undertaking or its components is as- 
certained by applying the peak results ob- 
tained from a set of equipment (for example 
the density of traffic on a section of line or 
the mileage of a locomotive) in the usual 
unit of time (day, hours, etc.) to the other 
equipments of like nature and over the whole 
year. The « possible values » thus obtained 
would have to be calculated for each year, 
as the peak results used vary according to 
the technical methods and organisation, —as 
well as the financial position. This method 
involves a differentiation, i.e. the equip- 
ments, which by their nature should be 
considered in connection with the peak re- 
sults considered, must be grouped together. 
As regards organisation, traffic, operating, 
and technical services, the groups can he 
further subdivided as desired. 

b) Without going into details, the maxi- 
mum values observed during a number of 
years for the whole undertaking, or its 
component parts, or its classes of traffic, for 
example during a period of peak activity, 
are ascertained, and the utilisation is calcu- 
lated therefrom as a basis of comparison 
with the results of other years. This com- 
parison with years of great prosperity is 
also commonly used on other occasions to 
show changes in the economic position. 


3% 


Method (a) gives for each year pos- 
sible values and degrees of utilisation 
revealed by the year’s results on an ana- 
lysis of the structure of the undertaking, 
whereas method (b) shows the changes 
which took place in the course of the 
years considered. The practical examples 
given below are based on method (b). 


2. The utilisation can vary with the 
different conditions, as is shown by 
resolving it into its intensity and time 
factors. 


It increases and decreases directly as the 
intensity and period of service, i.e, with the 
numerators of i and z The cause may be 
a change in the economic position (increased 
or reduced consumption) or a decrease in the 
traffic due to competition from other me- 
thods of transport). 

But the utilisation varies inversely, i.e. 
it rises or drops with the fall or rise of 
the possible work or of the possible dura- 
tion of service, in other terms with the 
denominators of i and z. If by improved 
technical methods or better organisation the 
possible production is increased, then this 
must be justified by a corresponding in- 
erease in the quantities produced as other- 
wise the utilisation becomes poorer. So 
as to reduce the proportion of capital 
charges in the cost price, or to prevent them 
from becoming excessive through the costs 
of technical improvements, out of date equip- 
ments must be completely eliminated and 
their capital value cleared from the capital 
account of the undertaking. Equipment of 
this kind taken out of service can be re- 


tained in reserve to meet unexpected de- 
mands but only to the extent that little cost 
is involved in doing this and in putting it 
into good order. 


As regards the variation in utilisation 
it should be remembered in each case 
that, unlike a manufacturing company’s 
output, the product of a railway, namely 
transport, cannot be stocked, or in other 
words, the production must correspond 
at all times to the consumption as com- 
pensation cannot be obtained by putting 
into stock. In many cases, however, the 
consumption can be controlled in a 
compensatory way by _ reorganisation 
measures or by rates adjustments and the 
utilisation improved thereby. 

The relation between the utilisation of 
the equipment and the economic em- 
ployment of the capital which we have 
just touched upon, is most important in 
connection with the division of traffic as 
between rail, road, and air, and the 
intensification of railway working which 
results therefrom. 

3. The intensity and time factors, even 
in fields not directly related to the ca- 
pital charges, provide valuable informa- 
tion for making comparisons as the fol- 
lowing examples, taken from the organ- 
isation of the staff, show. 

The utilisation of the workmen paid 
by the hour can be expressed by the 
equation : 

Workmen’s hours 
Number of men x 
» number of hours par annim 
in which : 

Workmen’s hours means the total 
hours worked or paid for in accordance 
with the agreements in force; 

Hours per annum means the hours in 
a year, or rather this number after de- 
ducting the hours on Sundays and holi- 
days. 


a= 


We can make : 
Workmen’s hours 
pee -(; x Working day le sx Working days 
“Tours per annum 


Number of workmen’ 


wherein 
= the hours in a turn of duty. 
Working days = the number of days the 
men could work, i.e. in 
which the works or 
yard was open; 
s x working days = the working hours. 
Referred to one month, the relation 
nombre total de 
or jours de travail 
jours -ouvrables 
is described as homme-mois (men-days) 
(the French expressions are those used 
in the annual report of the Belgian 
State Railways.) 


Workmen’s hours 


Working hours 


men-days 
number of men 
represents the inten- 
sity of occupation of 
the men employed, 

hours of work 


hours per annum 
shows the time basis 
on which this occu- 
pation takes place 
and especially the 
length of the turn 
of duty. 


Changes in the length of the turn of duty 
are not reflected in the intensity factor i. 
If, for example, this period be shortened 
from 9 to 8 hours and if the number of 
men employed increases as 8 to 9, i retains 
the same value. The utilisation of the men’s 
capacity is only discernable when adding 
the time factor, in which the period of the 
turn of duty is a function of the calendar 
time. 


The intensity factor i -= 


the time factor s = 


Similar remarks apply to men whose 
possible time of occupation is not ‘fixed 
or limited by the hours or days of work 
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at the place of work, but by legal or 


administrative regulations about hours 


of duty, such is the case, for example, 


Actual working hours 


Actual working hours 


of the locomotive running and operating 
staffs. We then have 


Possible working hours 


Number of men x 


Possible working hours 


Hours per annum 


x hours per annum 


an expression in which the first term 
represents the intensity factor, and the 
second the time factor, and in which 
by possible working hours is to be un- 
derstood the period of work allowed by 
the regulations. 

The ratio of the actual to the possible 
working hours shows how far the regu- 
lations on hours of work are observed 
or ignored. 


II. — Applicatien to statistics. 


With few exceptions, the time factor 
is more or less disregarded in railway 
statistics. We will quickly examine be- 
low the information to be found in the 
official statistics published by the diffe- 
rent Railway Companies. 


1. Utilisation of available labour. 


The number of officials or staff is 
generally shown in units and that of 
the workmen by men-days (or men- 
months). Like the first indication, the 
second gives a scale for calculations in 
money, so long as the « workmen’s- 
hours » (see above sub. I, 3) are con- 
sidered as hours actually paid for, be- 
cause a man-day then becomes the basis 
of the cost of a workman fully occupied 
and paid during one month. The num- 
ber of men at work is rarely given, but 


is no doubt constantly controlled, seeing - 


that it is the determining factor in cer- 
tain expenditure which does not depend 
on the work done (administration, social 
work, technical services, etc.). 


Number of men 


The only full information we have 
been able to find was in the Statistics 
of Railways in the United States of Ame- 
rica. A distinction is made between men 
paid on a daily basis and on an hourly 
basis, with subdivision by classes of 
occupation, such as in administrative du- 
ties, maintenance work, traffic or trac- 
tion departments, etc., with particu- 
lars of the average number of staff em- 
ployed, regular hours, overtime, ete., and 
the sums paid. The utilisation of the 
working capacity of the staff occupied 
in the different branches of the service 
can be calculated from these figures. 
For comparisons (abandoning the rela- 
tion to the hours of work as possible 
value) the number of hours or days 
worked by an employee given in the 
returns can already be used. 

If the usual hours of duty —_ not 
shown, it is true — are added, the inten- 
sity factor and time factor can be cal- 
culated separately. 

In these statistics the side issue of 
men-days has been ignored. The average 
number of hours paid or the average 
amount of wages paid per man provide 
directly the monetary scale for the bud- 
get and budget control, as well as, in 
general, for calculations of a financial 
nature, the usual working period of the 
centre, the rates of pay and salaries in 
force being taken into account. 


Other information is ‘also given on the 
period of occupation, but only to compare 
it with the work actually done. 

The hours of the men in the sheds, en- 


gaged on repairs, is often given as in the 
Italian and Belgian annual reports, with 
the corresponding time the vehicles are out 
of service. The Belgian Railways also give 
the man-hours spent in permanent way re- 
pairs with particulars showing the extent 
of the work and the materials used, such 
as renewing rails and sleepers, or rails only. 
Such information is of doubtful value as 
regards working costs. The varying im- 
portance of the work done, which depends 
on the actual conditions (such as type of 
stock, class of work required from it, etc.), 
is not known, nor the different ways the 
work is organised (preparatory work, me- 
chanisation, etc.). Consequently the data on 
the men-hours required can only be used as 
the basis on which to estimate the average 
cost of the projected work, as regards labour 
required and salaries, and the part such 
wages play in the total cost of the work. 


2. Utilisation of available installations 
and equipment. 

As in the case of labour, the output 
depends on the organisation and techni- 
cal conditions. The notion of « possible 
work » in a period is based on the 
working capacity, i.e. on the maximum 
possible production in unit time. 

This conception at once demands an 
answer to the question of the time spent 
on the actual work. Because of this 
connexity, information on any kind of 
annual production, without indication of 
the time, is not sufficient for the utili- 
sation of the installation to be appre- 
ciated, even when divided — as usual — 
according to certain traffic and operation 
constants (namely by districts and 
classes of train). Now this division is, 
in fact, due to the need of taking — at 
least approximately — local circum- 
stances and traffic and operating condi- 
tions into account, in other words, the 
particular character of the work in ques- 
tion, i. of the need for introducing the 
notion of the capacity of production or 


of « possible work ». The traffic density, 
for example, will be considered diffe- 
rently in an industrial area and a moun- 
tain district with a scattered population. 
The same applies in the case of the num- 
ber of axles on a passenger train and 
that on a goods train. The tractive effort 
the locomotive can develop as well as its 
utilisation, the varying speeds and the 
particular nature of the line will have 
to be considered as well. 

In this connection, the presumption is 
that the Railways currently compare, for 
their own purposes, the capacity (the 
possible work) with the actual produc- 
tion (actual work done) as this is the 
only means they have of making sure 
that the arrangements they have made 
(in the last two examples: proper dis- 
tribution of trains over the different 
lines, dimensions and scientific use of 
locomotives, etc.) were adequate. 

These reflections apply generally to 
all branches of the railway service, 
whether goods or passenger traffic, 
shunting yards, rolling stock, work- 
shops, ete. 

The railways seldom give information on 
their possible capacity. As an example, the 
Belgian National Railways give the pro- 
gramme (or possible) mileages as well as 
the actual mileages between repairs, se- 
parately for passenger, goods, and shunting 
locomotives. 

The information generally fails to give 
the time required for the different kinds 
of work. Obviously, no theoretical ar- 
gument is required to show the capital 
importance of knowing if a work has 
been done in a certain time with the 
equipment only half used, or in half 
the time with the equipment fully em- 
ployed. 

The rational organisation referred to 
above will sooner or later be reflected in 
the financial position, ie. in the oper- 
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ating expenditure and in the cost prices, 
as well as in the capital accounts and 
balance sheet. 

The. sole exception 
across is the 

Returns of the Railway Companies of 
Great Britain! 

These Returns give the hours of ser- 
vice by class of service (steam traction, 
electric traction, and rail motor cars) 
and by class of work (passenger trains, 


we have come 


goods trains, shunting, and other ancil- 
liary locomotive services). Then too the 
train-miles, which is the production of 
the operating department, grouped by 
class of service and kind or work, are 
given in terms of engine-hours and train- 
hours. From this information and other 
statistical data, the constants for certain 
fields can be calculated. 

The only examples we will deal with 
here are : 


1. Utilisation of steam locomotives: 


Intensity factor i= 


Miles run “by the locom. daily 


Number of locom. in service 


Possible daily mileage 


Locom. in working order 


Daily locomotive-hours (for example on a working day). 


Time factor s = 


Possible hours 


2. The utilisation of the goods wagons: 


Actual load per axle 


of the. loaded wagons 


, Mileage run by the loaded wagons 


Intensity factor ¢ = — — 
3 5 Possible axle-load 
(As the intensity factor should not be a 
function of the number of loaded wagons, 
the weight per axle of which is known, but 
Train-hours 


Time factor + = 


The evaluation of the possible hours 
and of the possible work is impossible | 
for anyone outside the undertaking. 
They may be fixed for domestic pur- 
poses, for example as limiting values in 
determining the ideal budget. Even 
without knowing them, the variation in 
time of the utilisation values can, how- 
ever, be shown if the possible values for 
a Company over a series of years are 
supposed to be constant over the period. 


If the equations given above for i and z 

be multiplied on both sides by the unknown, 
but: invariable, possible values C, and C- 
we get the values (i xX C;) and (z X C,) 
by means of which the times for any parti- 
cular Company can be compared. 


Possible hours 


Le : 
Mileage run by all wagons 


of all the wagons in actual use, it must be 
multiplied by the ratio of loaded-wagon- 
miles to the total wagon-miles.) 


x Number of wagons per train 
x Number of wagons in service 


As an exact idea is only possible by 
making a series of comparisons, the cal- 
culations for the above two examples 
over the years 1928 to 1933 are given 
below. 

In the case of the four British Main 
Line Companies, the values (1 <_€,) and 
(2. G,} and their product (C XK 1 
~) (a < C,) are given in Tables I 
and II. Owing to the differences in the 
possible values C as already pointed out, 
the absolute results cannot be used to 
make comparisons between the Compa- 
nies (or only by taking into account the 
particular characteristics of the under- 
takings based on exact knowledge of their 
organisation). It is possible, however, 


to compare the relative changes shown properly understood, it is necessary to 
refer back to the original figures, which 
to 1928, the results of which are taken have not been reproduced here through 
as 100 %. If the changes are to be lack of space. 


in the last part of the tables, relatively 


TSB ites 


Utilisation of steam locomotives. 


1928 


9 
Engines in use (all services) 1929 


1934 
1932 
1933 


1928 
1929 
1930 
1934 
1932 
1933 


relative value 
1928 = 100 0°/ 


: 
E 
: 
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Remarks on Table I. 


Utilisation of steam locomotives. 


Gx G) = Engines available for use 1980 
Engine-miles per day per Post 
engine in use (weekdays). 1932 
19383 
1928 
1929 
(x C,) = Engine-hours « in traffic » per 1930 
z/ ~~ engine in use per day (weekdays). ) 4934 
1932 
1933 
1929: 
{ : bsol 1980 
(© x C) X (= X C,) = (a X Cy) Taedt 


| 
| Southern 


ee pe be, be 


Ry. 


330 
3410 
290 
285 
262 
360 
100 


Re a ee 


Great 
Western 
Ry. 


(2) 


Midland & 
Scottish Ry. 


= — 


London- 


(3) 


85. 
85. 
84. 
88. 
Bee 
Sle 


Oo ow 


Oo = Oot Ol 


it 
Ade 
Tie 
2B 
41 

Oe 


~~ wore 


Oo OF 
Je) 


952 


105 
141.5 
123 


2 Ot =t Ol 


nse 


| : 
London 
& North 


Eastern Ry. 


(4) 


87. 
88. 
91 
88 
86. 
88. 


~ oOo 


cm WO 


12.28 

12.67 

12.28 

12.04 

11.63 

11292 

1 076 

1 120 

4 415 

1 065 

1 005 

1 055 
100 
104 
103.5 
99 
93.5 
98.4 


1930) on railway No. 3, unlike on all the 
railways considered. 

The various figures show that on railway 
The utilisation has only improved conti- No. 3 alone the ratio of the locomotives in 
nuously (except for an interruption in use to those in working order, the miles per 


‘ 
— ) 


a a el 
BY 


day and the hours per day have increased, 
whilst on railways Nos. 1, 2 and 4, although 
the miles per day have increased on rail- 
way No. 1 and remained the same on rail- 
way No. 4 the other values have fallen. 

A sudden improvement on all the rail- 
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ways and in all the values is recorded from 
1932 to 1933. The explanation why the 
changes have taken place in a different way 
en railway No. 1 than on the other railways 
is to be found in the remarks on the goods 
wagons. 


TABLE II. 
Utilisation of goods wagons. 
| s Great London- | Lond 
latinas Sona Western | Midland &| & North 
are | ve Ry. Scottish Ry.| Eastern Ry, 
| 1) (2) (3) (4) 
| | | | 
ee tie BOS | 0.32 0.349) 0.346 0.324 
Average wagon loads (all freight Gg 
a per loaded wagon) 1929 | 0.323 0.363, 0.343 | 0.326 
xe). = Capacity of traffic-carrying vehicles 1930 0.326 0.355) 0.337 0.348 
(total average per wagon) 403% Ute 0.844) 0.324 0.310 
Freight wagon-miles loaded} 4932 0.3415 0.340) 0.320 0.304 
Miles, total | 1933 0.306 | 0.342 0.313 0.300 
1928 | 672 14140 | 795 710 
1929 | 740. 4 288 «=| :839 786 
Train-hours (freight), total oe 4930 | T41 4 135 | 779 725 
x Wagons per train, total | | “s 
Gates). — ; 4931 | 695 A025 726 656 
el Wagons in stock ws 
4932 | 655 936 | 655 | 580 
| 1933 | 665 975 | 690 | 624 
| | 
1928 | 215 390 | 275 250 
4929 | 239° 450 | 287 256 
absolute 1930 232 404 262 230 
(CSOSA SOD Sao SOM) | | 
‘ ¥ x rate) Gigs ee 352 «| :- 235 204 
1932 | 206 318 240 176 
1933 201 334 216 186 
| 1928 100 100 100 100 
‘ 41929 At 415.5 104.4 102.5 
relative value } 4980 408 103 95.2 92 
1928 = 100 °fo4 4934 | 404 90.5 085.55 | ates 
1932 96 81.5 76.5 70.5 
4933 93.6 85.6 78.6 74.5 


Remarks on Table ies 


Utilisation of goods wagons. 


From the statistical point of view, ie. by 
means of the basic figures, the differences 


in the utilisation of the wagons can be ex- 
plained as follows: 

From 1929, the year of maximum values, 
to 1932, the ratio of the useful load to the 
loading capacity fell 6 to 7 % on railways 


Nos. 2, 3 and 4, and rose slightly on rail- 
way No. 1. On the other hand, the mileage 
of loaded wagons to that of all wagons re- 
mained more or less constant. The num- 
ber of wagons per train fell only very 
slightly (the greatest drop being 5.3 % on 
railway No. 2). The train-hours have in- 
creased by 22 % on railway No. 2, by 
25 % on railway No. 3, by 27 % on rail- 
way No. 4, and only 7 % on railway No. 1. 
They exerted a decisive influence on the 


set-back of the time factor (in the denomi- 
nator of which the « stock » has only de- 
creased slightly), and thereby the whole of 
the utilisation. 


The organic cause why railway No. 4, 
as regards goods wagons, shows quite 
different results from the others is due 
to the structure of the undertaking and 
the nature of the bulk of the goods 
carried. 


Panne bie 


Variations in goods traific. 


a4 re (4) (2) (3) (4) 
1999 | Mill. 221.493 846 953 | 2 008.878 | 41 632.434 | 
(= of, 100 100 4100 100 
4929 404 105 103 106.5 
Wagon-miles, total 1930 102 4104.2 98.8. » 402 
1931 104.5 o4 | 93.5 94.6 
1932, 97.5 Bre) | 87.6 86.2 
1933 97.4 B50 <a] 87.5 88.5 


If the total wagons-miles run are ex- 
pressed relatively to those of 1928 taken 
as 100, table III shows that railway No. 1 
is much less affected by trade fluctu- 


ations than the others. Railway No. 1 


also had a 104 % peak in 1929, but was 
exceeded by railways Nos. 2 and 3, and 
fell much more slowly than the others 
until 1933. 


TABLE IV. 


Variations in goods traffic in full wagon loads. 


| 


1928 } so 
Total net ee 
0 
Ton-miles worked. a 
. , 1930 
(Minerals and merchandise 

Cl. 1-6 and 1934 
Coal, coke, patent fuel.) 1932 
1933 


(3) (4) 


2 277.1 4 940.7 4 488.8 
100 100 400 400 
410.2 109.2 105 412 
109.5 104 99 405.5 
440.4 89 5 91.8 96 
106 84.0 84.6 86.2 
105 85.4 83.4 87.8 


These variations are explained in ta- particularly _ sensitive to. trade fluc- 


ble IV, in which the variation in goods 


tuations (classes 1 to 6 minerals and 
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goods, and solid fuel) are given relatively 
to 1928 taken as 100 (in total net ton- 
miles worked and not in wagon-miles). 
Such traffic in full wagon loads de- 
clined much more on railways Nos. 2, 3 
and 4 than on No. 1, and this unfavou- 
rably affects the utilisation of the wa- 


11 


gons. Then too, the fact that on rail- 
way No. 1 the ton-miles were propor- 
tionately less than on the others (64 to 
68 % against 68 to 72 % in the years 
considered) is not enough to neutralise 
this effect. 


TABLE V. 


Utilisation of the electric motor 


ELECTRIC MOTOR VENICLES. 1928 1929 1930 1934 1932 1933 
ee SSS... 
(1) Miles per day per vehicle in 

use (weekdays) Se RAGWOe NW 229705) |) 243.23 = 247255" 2438296 fF -238-4 
(2) Daily average number on | 

weekdays « in use » : -« avai- 

lable for use » 0.936 0.944) 0.950) 0.966| 0.960) 0.986 
(3) Hours « in traffic» per day 

per vehicle in use (weekdays). 40.84 | 414.54 12.45 12.44 12.44 11.94 
AiG xc) = @) Key 200 216 231 249 234 237 

(a X C,) = (3) X (4). 2 168 2 490 2 8410 ;3 100 2 920 2 8380 

1928 = 100 9°. 100 115 4129.5 143 134.5 130.5 


vehicles on the Southern Railway. 


SS SSS SS sss 


Remarks on Table V. 


Variations in connection with the Southern 
Railway Company’s electric rolling stock. 


The Southern Railway traffic differs from 
that of the three other Companies: 75 % of 
the operating receipts are from passenger 
and parcels traffic (on the others the fi- 
gures are 42.8, 41.8, and 36.8 %), and 45.3 % 
of the passenger train-miles and 40.4 % of 


the total traffic-miles is worked by electric 


motor vehicles, which therefore play a spe- 
cially important part. The variations are 
given in Table V on the same lines as in 
the case of steam locomotives. 

The basic figures quoted here make it 
possible to recognise at once the influences 
by their effect on the final result, the uti- 
lisation factor and its variations. 

It will be sufficient for our purpose to 
point out that the daily mileage of a rail 
motor car, and the time it is in service per 
day have fallen off in the last two years, 
whereas the proportion of rail motor cars 


used during the week to the number of 
such vehicles in working order has in- 
creased. 


Conclusion. 


These theoretical considerations and 
practical examples show the importance 
to be given to the notion of « Utilisa- 
tion » and consequently to the « Inten- 
sity factor » and the « Time factor ». 

As a rule the latter is not given suffi- 
cient attention in statistics. These con- 
stants supply essential data when deal- 
ing with the statistical and financial 
aspects, and enable the operating results 
to be studied effectively. 

With the mechanisation of the work 
in connection with accounts and statistics 
(Hollerith and Powers perforated-card 
systems) now so much used, the time 
factor can be ascertained quite easily, as 
is frequently done in the case of wages. 
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Narrow-gauge main-line railways © 


by P. KANDAOUROFF, Engineer. 


I. — General considerations. 


Narrow-gauge railways, in Europe and 
North America, are nearly always 
thought of as local railways or secondary 
railways. Generally speaking, this point 
of view is justified in these countries as 
the only railways of less than the stan- 
dard # 8 1/2” gauge are local or se- 
condary lines. When the traffic on such 
lines increases to any appreciable extent, 


they are converted to the standard 
gauge (°). 
Then too, the opinion that larger 


gauges than the standard 4’ 8 1/2” are 
the only ones able to handle large vo- 
lumes of traffic and high-speed traffic 
and that the capacity of a railway de- 
pends upon the gauge of the track is 
very widely held. : 

If, however, the railways of other 
countries are studied, we see that nar- 


(*) For convenience and brevity, the term 
« main lines » is used to designate what in 
German is called <« Hauptbahnen » or prin- 
cipal railways, in opposition to « Nebenbah- 
nen » or secondary railways, coming under 
easier regulations as regards construction of 
the track, signalling, ete. More or less the 
same distinction is made in France between 
« chemins de fer dintérét général » and 
« chemins de fer d’intérét local » (Trans- 
lator’s note). 


(1) Although the 4’ 8 1/2/7 gauge is con- 
sidered as the. standard, in this article the 
predominant gauge of a country is considered 
as its standard gauge. The most notable ex- 
ception is Russia and certain neighbouring 
countries where there are over 52000 miles of 
5-foot gauge railways. 

The difference of only 3 1/2 inches between 
the standard and the Russian gauge is so 
little that the wheel sets of the stock can 
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row-gauge lines can also be main lines 
of high efficiency, providing frequent 
and fast train services. 

At the present time there are many 
countries with considerable mileages of 
railways of less than 4 8 1/2” gauge. 
These railway systems are, it is true, less 
important than the European and Ame- 
rican systems (*). They are nonetheless 
very extensive and serve territories the 
area of which bears comparison with 
that of the whole of Europe. Table 4 
shows the distribution of the largest 
metre (3’ 3 3/8”) and Cape (3’ 67) 
gauges, the latter so called because first 
used in Cape Colony. Practically. speak- 
ing these two gauges are the same (°*). 


In addition to these lines, of a defi- 
nitely main-line character, there are 
others outside Europe which, although 
they can be considered more or less as 


be changed so as to avoid transhipment of 
heavy loads. 

(2) The largest railway systems of the 
World which can be operated with a common 
stock of vehicles are the following : 

North American (United 
States, Canada, Mexico) 
Western Europe (excluding 
Spain and Portugal) . . 
Russian-gauge lines (U.S.S.R., 
Finland, new neighbouring 
States, and Eastern Chi- 
nese) eee er 52 000 miles. 
(3) The economic importance of narrow- 
gauge railways has been expounded by Pro- 
fessor Brum in his article « Trassierungs- 


342 000 miles. 


134 000 miles. 


Grundsiitze fur EHisenbahnen ausserhalb der 


hoch-industrialisierten Gebiete » (Principles 
of the location of railways lying outside 
highly industrialised regions). « Verkehrstech- 
nische Woche, 1933, pp. 537 et seq. 


main lines, are of comparatively short Rumanian systems. Some others, such 
length. as those of Australia and New Zealand, 


Table I shows that some of these rail- are very extensive relatively to the popu- 
way systems, such as those of Japan, and lation. 
Java, are quite as dense as the Polish and There are also in Europe two narrow- 


TABLE 1. 
The most important narrow-gauge railway systems in the World. 


Total area} Popula- Length of lines 
of country} tion, in |————————| Popula- 
in thou- |thousands| per 100 | per 10000 tion per 
sands of | of inhabi- square inhabi- sq. mile. 
sq. miles. tants. miles. | tants. 


Total 
length of 
railways, 

tniles. 


Name of country 
and description Gauge. 
of railway system. 


Union of South Africa 
and neighbouring coun- 
tries (4) ’ 


Sudan 


Nigeria 
Japan 


Formosa 


Java 


oO D> UM. S&S wm © 


Philippine Isles. 


Australia : 


Queensland 
West Australia . 
South Australia 
Tasmania 
New Zealand 
Newfoundland 


Brazil 


wm Oo wc Oo ©} 


Argentina 
British India 
Northern System 


Southern System 


BUTI: si. «eee 


Siam and Malay States. 


Indo-China and Yunnan. 
Tanganyika 
Kenya and Uganda 


(4) Rhodesia, the former German South (*) Separate system with throu ic. 
West Africa, the Portuguese South African (5) The Sateecie lines in pene 
Colonies on both coasts, and part of the Bel- are so interlaced with the broad gauge system 
gian Congo, which are served by railways of that no indication as to area and population 
the Cape gauge. served by them can be given. 
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gauge systems which must be included 
amongst the main lines; these are the 
metre-gauge lines in south-eastern Swit- 
zerland, the Rhetian Railway with the 
small lines directly connected with it, the 
total length being some 286 miles, and 
the 2’ 6” gauge lines of Bosnia-Herze- 
govinia of a total length of about 1 400 
miles. 


II. — Rolling stock. 


Had we possessed our present technical 
knowledge when railways were introd- 
uced, the vehicles would have been much 
better designed as regards cross section. 
The railway is over 100 years old and 
represents a progressive growth, the pre- 
sent state of technical knowledge being 
the result of observation and investiga- 
tion in this special field. 

Logically the width and height of the 


3 


vehicles, the principal. factors of the 
constructional gauge, should be directly 
proportional to the gauge of the track. 
In actual practice this is quite otherwise. 
Both the contour of the constructional 
gauge and the gauge of the track were 
selected quite fortuitously, especially as 
regards the standard gauge which being 
fixed at 4 8 1/2” is not even a round 
number in English measures, and still 
less so in the metric system. Round num- 
bers (°) were only adopted at a later 
date when introducing other gauges. 
The rolling stock gauge too was usually 
determined haphazardly so that the chief 
dimensions, the maximum width and 
height, bear no direct relation to the 
gauge of the track, as table 2 shows. 
The width of the body is particularly 
important as regards the passengers’ 
comfort. Table 2 and figure 1 show that 


TABLE 2. 


Loading gauge. 


atio. ‘ 
Ri Maximum 


RAILWAYS. 2 
Maximum 
height. 


Duo 

5! 

4' 8 4/2" 
” Berne Convention. 

3’ 6" 


Treland 14! 
Op Sse Ae 
Hngland 13! 

14° 4/2" 
Java 
“By ay! 
43' 


Japan . 
South Africa 
Rhetian Railway . 


3' 3.3/8" 


OI 6" 


Siam 


Jugoslavia 


(6) 5’ 6” for Spain, Portugal, and British 
India. 5’ 3” for Ireland, parts of Brazil and 
Australia, Russia, and Finland, 3’ 6/ (the 
Cape gauge), 1 metre (3’ 3 3/8/’) for many 
colonial and secondary lines, 3’, 2/ 6/’, ete. 


17! 244/16" 


12' 3 10/16" 


12 4 10/16" 
42! 5 10/16" 
A414 14/16" 


width of pas- 
senger vehi- 
cle bodies. 


Width 
gauge. 


Height 


gauge. 


Maximum 
width. 


10! 8" 
11! 24/4" 
9! 

40! 2" 

10' 14/4" 
9' 10" 
40! 

8! 10 1/2" 
9 24/4" 
8' 24/16" 


© 
(=) 
w 


_ 
10' 25/16" 

9! 

40! 4.10/16"(7 
8' 83/4” 

gf 24/4" 

g' 3" 

8' 6 6/46" 

8' 6 6/16" 

T 40" 


rn 
oO 


oOo co = 6 
— O QD — 
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Gauges exceeding 5’ 6/, the most important 
of which was the English Great Western, had 
disappeared completely before the beginning 
of the century. 

(7) For the German State Railways. 
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the width of the body of passenger ve- 
hicles does not differ very much on the 
various railways and that, from this 
standpoint, the gauge is far from having 
the great importance one might be temp- 
ted to give it. Vehicles on many 3’ 6” 
and metre-gauge lines are wider than 
those used in England. The bodies of 
passenger vehicles on the Bosnia-Herze- 
govinia railways, the gauge of which is 
about half the standard, are only about 
{3 inches narrower than in England. 

If in the United States of America and 
on the European Continent, the vehicles 
are somewhat wider than those running 
on the 3’ 6” and metre gauges, the diffe- 
rence is slight, so that we can say that 


— 
ce 


ce 


generally speaking the latter vehicles can 
be made perfectly comfortable, in fact 
can be luxurious. 

A journey in Japan, Java, and South 
Africa is quite as comfortable as on the 
best European or American railways. 

In the same way the tare and loading 
capacity of goods vehicles per foot of 
gauge, and the ratio of these weights, are 
almost independent of the gauge of the 
track, as shown by table 3. 

As regards narrow-gauge locomotives, 
the narrow-gauge main lines have nearly 
as powerful and heavy locomotives as 
the standard-gauge lines, as is shown in 
table 4, and they are able to attain very 
high speeds. 


TABLE 3. 


: Total 
‘NAME OF RAILWAYS |3, Length Loading | Total | Tare ia. 
AND DESCRIPTION |38 Gauge. over Tare. capacity. | weight. per foot of 

aS overall length. 
OF WAGONS. z buffers. i i lb. | lb. | ‘iy 
German State : 
Covered wagons . A | 4'84/2" |30! 6" 23 150 | 33 070 | 56 220 | 1 083] 4-842 
Open wagons . 4 ” 37' 9" 20 950 33 070 54 020 875| 1 4380 
Coke wagons . 8 ” 39' 4 4/2" 49 600 | 126-760 | 176 360 | 3 240} 4 470 
Japanese Government (8) : 
Covered wagons . | Ae} 3068 25' 8 4/4” 20 500 | 33 070 | 58 570 | 1 283) 2 042 
Open wagons . siliaets ” 297 Oe 20 280 | 37 480 | 57 760 | 4 3380} 4 880 
Self- discharging wa- 
fE(Tits) ay) ou ce me eee ” 28' 7" 33 730 | 66 140 | 99 870 | 2 310} 3 485 
Union of South Africa : 
Open wagons. . . .- {42 ” 45! 9.4/4" 69 000 | 152 000 | 224 000 | 3 360) 4 860 
Open wagons . 8 ” 42' 10" 47 700 | 100 000 | 147 700 | 2 380} 3 440 
Cattle wagons 8 ” 40! 42 750 | 60 000 | 102 750 | 4 500) 2 560 
Covered wagons . 4 ” 25! 214 640 | 40 000 | 64 640 | 4 600} 2 460 
Siamese State : 
Covered wagons 4 | 3/33/8" |24 4" 17 200 | 27560 | 44 760 | 4 140} 4 850 
Open wagons. . . .| 8 » 32’ 944/46"| 17 730 | 44 090 | 64 820 | 41 344] 4 610 
Self discharging wa- 
gons ‘ctor sei Vs ” 34/97/16" | 36 160 | 60 630 | 96 790 | 1 910} 3 040 


(8) The. data, on the Japanese Government 
Railways has been taken from the article by 


Purze in the Organ fiir die Fortschritte des 
Hisenbahnwesens, 1931, pp. 247 and 265. 


TABLE 4, 
222] gu) 98% fase 
nee) | S222 | 2B | 222 [Beck 
Deseription of he. : Whee Bong 23 Sho |e oS 
pine ee Sa eeueee arrangement. 2 Ae e = 4 =§3, z BES 
— tis ° 
Ib. Ib. Ib. lb. © 
ee ——oE———e 
German State. 
1. Class 02 Various German |4/81|2”| 4—6—2 400 360)132 500|45 240)5 130 
2. Class 44 Locom. Works. ” 2—10—0 |404 770/241 640/58 900|5 450 
Japanese Govt. Japanese groans Ay ms 
3. Class C 53 Locom. Works. 3' 6" 4—6—2 286 550/102 000/26 520/4 220 
Union of South Africa. 
4. Garratt locom. Maffei. » 4--6—2+ 
2—6—4 413 360)246 920\44 250)4 850 
5. Express locom. . Baldwin. » 4—6—2 334 000/416 840/30 600)/4 700 
6. » > North British | 
Locomotive Co. ” 4—8—2 385 580/157 230/388 980|5 220 
Javanese State, 
7. Javanic Hanomag. ” 2—12—2 |165 345/125 660\26 785/3 580 
8. Mallet » » 2—8+8  /|307 100)194 000\62 8380/4 420 
9. Express locom., Dutch Locom. 
Works. ” 4—6—2 240 530} 80 910/22 700/38 530 
Siamese State. Hanomag. 3/33|8"| 4—6—2 197 530) 69 445/19 3410/3 300 
North Eastern of Brazil. Borsig. ” 4—8—2 233 000)1416 840/27 950'3 600 
Jugoslav State. . . . » 2' 6" | 2-646 142 245] 99 430/31 970'3 400 


Table 4 also shows that there are nar- 
row-gauge locomotives differing very 
slightly from the most modern German 
locomotives as regards tractive effort and 
adhesive weight. 

The narrow-gauge locomotives have 
much increased in size especially since 
the War, and the development of such 
locomotives, notably in South Africa, has 
been greater than on the standard-gauge 
lines. For example the « Javanic » 2-12-2 
locomotive built by the Hanomag Works 
in 1912 for the Javanese State Railways, 


which at that time was one of the most 
powerful 3’ 6” gauge locomotives, was 
followed 12 years later by an even more 
powerful one, as shown hereafter : 


Javanic 
1912, 


Increase. 


Mallet 
1924. °o 


-1b.}465 345/307 100] 85.7 | 
Adhesive weight .1b./425 660/194 000] 60.0 
Maxim. axle load . lb.} 20 040] 24 250] 15.8 
. lb.} 26 725}. 62 830}134.5 
1 230} 2 260) 83.7 


Total weight 


Tractive effort . 
| Horse power 


- 


etic | 


The most powerful 3’ 6” gauge loco- 
motives are those of the South African 
Railways. The Japanese Government lo- 
comotives are smaller although this rail- 
way system has a most dense traffic, in 
fact almost the densest in the world. The 
train weights in Japan are, however, 
relatively low. 

As regards electric traction, very 
powerful locomotives are in use on both 
the Cape and metre gauges, and there is 
no reason why their future development 
should not be as great as on standard and 
broad-gauge lines. For example, the 
South African Railways have 1 200-H.p. 
eight-wheeled locomotives weighing 66 
tons, which are are so designed that triple 
heading can be resorted to, when they 
can haul a train of 1600 tons up 4 in 
100 at a speed of 21.7 miles an hour 
which is reached in 8 minutes after start- 
ing on this gradient (°). 

The standard 4-6 + 6-4 Japanese lo- 
comotives develop 1830 H.p. and weigh 
106 tons with an adhesive weight of 79.1 
fons. 25). 


II. — Stability of the vehicles,” 


The stability of narrow-gauge vehicles, 
especially that of the modern locomotives 
with their high centre of gravity, might 
be thought to be below that of standard 
or broad-gauge vehicles, so that the speed 
should be lower on the Cape or _metre- 
gauge lines. This remark applies espe- 
cially to curves, as on the straight the 
speed is practically unlimited so far. as 
the stability of the vehicles is concerned. 

As basis of comparison, we will take 
the class 01 and 03 standard locomotives 
of the German State Railways. 


(9) Schweizerische Bauzeitung, Vol. 83 
(1924), p. 115. 
(10) Organ fiir die Fortschritte des Hisen- 


bahnwesens, 1931, p. 251. 


The superelevation of the track will be 

given by the theoretical formula 
2 
Nrnam = S x 3 

127 Rin 
in which 

S = gauge in millimetres, 

V = speed in kilometres per hour, 

R = radius in metres, 
from which the transverse inclination of 
the track is : 


h at y2 
erga 497K 
1/10 may be taken as the maximum va- 
lue of tg a. (fr = 150 mm — 6” on the 


German Reichsbahn). On many railways, 
however, a higher value for tg a is 
admitted. Thus, on the Japanese Govern- 
ment Railways h — 115 mm. (4 1/2”) 
and tg « = 0.103 (4”), and on the South 
African Railways h = 127 mm. (8’) 
and tg a == 0.443 (47/167). 

Table 6 gives the maximum speeds of 
the locomotives of different gauges 
shown in table 5: they have been cal- 


culated by Marré’s formula (*') for 
curves with transitions : 

A pg E + z | A 
Vee = 4 +gtgaR 


Po 
La hep. Len? an 
in:* which 2Vi2== 
second, 

A = allowed reduction of weight on 
outer wheels taken as 0.3 corresponding 
to a stability of 3.33. : 

P, = spring-borne weight 

P, = Unsprung weight of the vehicle. 


speed in metres per 


(11) Marrs, Traité de stabilité du matériel 
des chemins de fer (Treatise on the stability 
of railway vehicles), pp- 90 et seq. 

The formula applies to the critical case of 
the turning over of a vehicle on its springs. 
The stability on the rails is studied later on. 


aay Ps 
For the locomotives under question — 
1 


— (0.25 has been taken. il 
a == static deflection of the springs 


taken as 0.05 m. (2”) for all axles. 
The other notations are shown in fi- 
gure 2 and.are: 


h, = height of centre of gravity of 
spring-borne weight; 
h, = height of centre of gravity of 


unsprung weight, taken as coinciding 
with the axle centre, 

n —= height of the centre of gravity of 
the sprung weight above the centre line 
about which the hunting oscillations of 
the vehicle take place. This centre is 4 — 
taken as being 50 mm. (2”) (?) above the B= 
upper generatrix of the axle journal. 


Legend: 
Centre line of boiler. : 
Centre of gravity of spring-borne load. 


Centre of hunting oscillations of vehicle. 


Fig. 2. 
“TABLE 5 


Height Maximum 
7 of speed allowed 
Class of locomotive boiler (Technical 


and maker. driving | centre Conventions). 
wheels,| line, 


cues any aa k “Sia, poh, 
metres | metres | metres | millim.| metres | millim.| millim. | * 


. Reichsbahn, class 02 . . 3.100} 2.340}4 000 .140 74.6 
: > WAG cleats ; 2.370! 700 .500 29.8 
. Japan, ‘class. C..53 .=. .| | ‘ 2.4410) 875 5s il) a : 64.0 


. South Africa, Garratt, 
Maffei . Se 2 n 


. South Africa, Baldwin 
» North British. 
. Javanic, Hanomag 


2.080] 762 | 1.490 57.2 
2.120} 762 | 4. ¢ 57.8 
2.180] 724 | 4. 44.7 
2.000] 554 | 4. 29.8 
4.980] 554 | 4. : 29.8 
1.790] 800 67.7 
2.450] 686 | 4. 50.9 
2.400] 572 | 4. 34.8 
4.240} 400 | 24.9 


. Mallet, Hanomag 

. Express, Dutch Works 
. Siam, Hanomag . ‘ 
. N. E. of Brazil, Borsig . 
. Jugoslavia, Borsig 


rFwnn hb wn wn wo w 


(12) The height of the centre of gravity of For the other locomotives it is obtained by 
the spring-borne UES has been calculated the formula Hs = 1.368 Hy-1.355. We are 
for standard-gauge locornotives by Messrs. obliged to Messrs. Borsig for this formula. 
BauMANN and JArun’s formula Hs = 1.368 (*) Hrnscue, : Lokomotiv - Ingenieurs 
Hx-1.935, Bulletin of the International Rail- 'Taschenbuch, 1923 edition.” 
way Congress, December 1932, p. 2291 (En- 
glish edition). 


2m = distance between the centres of 
the springs; 

2p = the distance between the wheel 
treads, taken as equal to the distance bet- 
ween rail centres; 

g = acceleration due to gravity, 9.84 
m. (32! 24/4”). 

Table 5 shows the chief dimensions of 
the locomotives being considered here. 

From this data the radii of the curves 
(table 6) corresponding to the authorised 
speeds in the last column of table 5, and 
to the 1 in 10 superelevation of the track 
have been calculated (see table 6). 

The speeds, calculated according to 
Marik&’s formula, in miles per hour, are 
given in table 7. 

There is no question of electric loco- 
motives turning over on their springs as 
the centre of gravity of their spring- 
borne weight is much lower than that of 
steam locomotives; in addition they have 
outside axle boxes, so that the points 


TABLE 6, 


Corres- 
ponding 
radius, 


feet. 


Autho- 
vr ae lee rised 
Locomotives and maker S. epceds 


m. p.h. 


. Reichsbahn, class 02 

44 

3. Japan, class C 53 . 

Africa, Garratt, 


» > 


. South 
Maffei . 


. South Africa, Baldwin 
> North British. 
. Javanic, Hanomag 
8. Mallet, Hanomag . i 
. Express, Dutch Works . 
. Siam, Hanomag 
. N. HE. Brazil, Borsig 


. Jugoslavia, 760, Borsig 


of support on an axle are about twice 
as far apart. On the electric locomotives 
of the Rhetian Railway, for example, this 


TABLE 7. (18) 


Radii in feet. 


2 300 | 4970 § 1 640 | 


Loco- 
motive | 2 950 
number. 


61. 
60. 
64. 


61. 
62. 


OmMDHARD TF WW 


58.6 
54.7 
61.8 


— 
i=) 


~ 
_ 
Bm Om Er SO © Ao oe Dl 


3 
at 
we 
el 
0 
25,0 
0) 
ay) 
5 
6 
.3 
8 


_ 
0 


1 x0 | 980 | 


55.3 
54.8 
54.4 
55.0 
54.7 
55.9 
‘ 63.8 57.0 | 49.5 

52.4 45.4 
48.9 


55.2 


39.1 
38.7 
38.2 33.0 
38.9 33.7 


33.8 
33,5 


47.8 
47.4 
46.8 


at 
27 
elke 


47.6 
47.3 
48.4 


38.6 | 33.4 
39.6 | 34.2 
40.3 | 34.9 
Sie p32 Aeon 268 
42.4 | 34.6 28.6 | 24 
47.8 | 39.0 | 33.8 | 27. 


2). 
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(18) Radii of curves requiring a speed reduction are shown between heavy lines. 
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distance is 4’ 5 1/16” instead of 2’ 2”. 
On the South African locomotives it is 
5’ 6” instead of 2’ 4 3/8”. 

The stability of the vehicles is much 
greater on the track than on_ their 
springs. We have calculated it, for the 
locomotives mentioned above, by the well 
known formula 


n—e 
View ! 


yz 
are A eee 


in which the notation is the same as in 
the other formule. H is the height of 


10 


the centre of gravity of the vehicle as a 
whole above the top of the rail and e 
— 11 cm. is the lateral displacement (‘*) 
of the centre of gravity under the in- 
fluence of the centrifugal force. 

We have calculated H for the standard- 
gauge locomotives by Baumann and 
Jaeun’s formula, H — 1.034 H, — 1.20 
and for the narrow-gauge locomotives by 
Borsig’s formula, H = 1.034 H, — 0.845 
tg. is taken as equal to 1/10. 

Table 8 gives the corresponding in- 
formation for the critical speeds. 


TABLE 8. 
Description of the locomotives. Gates; ts tek Be pte a OS Stability. 
Builders. gravity. curve. m. p. h. 

SR 2S SS RS SR RAR 
1. Reichsbahn, class 02 4' 8 4/2" |6' 7 1/8" 1 640! 70.0 3.30 
et > 44, » — 16.94/8" 260! 27.7 | 3.44 
3. Japan, class © 53 . 3’ 6" 5'9'7/46" | 4 640! 61 8 4.16 
4. South Africa, Garratt, Maffei ” 5’ 85/8" 1 340! 54.8 4.14 
BY > Baldwin ” SOAs G ed S10! 54.4 4.33 
6. » North British ” 6' 660' 38.9 4.55 
7. Javanic, Hanomag . : 5’ 6946” 330! 27.3 5.03 
8. Mallet, Hanomag : » 5'6 3/16” 330! 28.0 4 441 
9. Express locom. Dutch Works, 1917 . » 5! 4/4” 1 640! 63.8 4.25 
10. Siam, Hanomag 3' 3.3/8" |5! 10 7/8” 280! 75.4 4.27 
11. N. E. Brazil, Borsig » 6' 6 3/4" 660! 34.6 5.69 
12. Jugoslavia, Borsig 226" 3' 8 1/16" 260' 24.7 3.77 


The stability of electric locomotives 
and other stock on the track is not in 
question, as it is much greater than that 


of steam locomotives : only in the latter 
do we find the most unfavourable com- 
bination of high centre of gravity with 
the springs close together. 


Table 7 shows that the speed need be 
reduced only for curves of less than 
1640 feet radius, even with the largest 
and heaviest locomotives. In the case 
of goods locomotives, and also passenger 
locomotives with relatively small driving 
wheels, the limiting curves are much 


SS Se ee ee ee 


(14) Verkehrstechnische Woche, 1934, p. 312. 


| 
| 
| 
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smaller as shown by the heavy lines in 
table 7. 

The maximum permissible speed is de- 
termined by the design of the locomotive, 
and especially by the cylinder and wheel 
arrangement and the diameter of the 
driving wheels, and in general by § 102 
of the Technical Conventions, but not by 


the track gauge. In the case of locomo- 
tives Nos. 14, 3, 4, 5, 6, 9, and 410 in 
Table 4, i.e. for actual passenger engines 
for the Cape and metre gauges, the ma- 
ximum authorized speed is little diffe- 
rent from that of the German 02 class 
engines, as shown by table 9. 

The calculated high speeds shown in 


TABLE 9. 


Type of locomotive. 


1. Reichsbahn, class 02 
2. Japan, class C 53 23 
4. South Africa, Garratt (Maffei) 
» Baldwin 

North British 


. Express locom., Dutch Works, 1917 


5 
6. > 
9 


10. Hanomag, Siam 
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Authorised speed as a % 

of that of the 02 class 

locomotive, for curves of 

greater radius than those 
of table 6. 


Gauge. 


4! 8 4/2" 400 


3’ 6" 


85.9 
16.7 
9) 


5 60.0 
» 91.8 
3' 3.3/8" 68.4 


this table for narrow-gauge locomotives 
have been confirmed by actuel trial runs. 
For example, on a trial on the Javanese 
State Railways, the locomotive built by 
the Dutch Locomotive Works (7°) hauled 
a train of 200 tons at 74.6 miles an hour. 
The highest speed of these engines is 
therefore that authorised in general 
working on the Reichsbahn. 

The maximum authorized speed of the 
Japanese engines could be raised to 
75 miles an hour, according to § 102 of 
the Technical Conventions, if they had 
4 instead of 3 cylinders like the Javanese 
engines. In this case again, the speed 
limitation is due to the design of the 
locomotive and not at all to the gauge. 


(15) Organ fiir die Fortschritte des Hisen- 
_ bahnwesens, 1926, p. 242. 


Table 10 gives the authorised speeds 
on the Japanese and South African Rail- 


TABLE 10. 
: Authorised speed, in miles per hour. 
Radius 
of curve. Deutecs Japanese 3 
Roichsbaba ; pth eerpe AG Rae 
3 280! 74 6 =i 
2 625! 68 4 at 55.0 
1 970! 59.0 52.8 53.4 
16410! 52.8 49.7 AO eel 
1 310! 46.6 43.5 43.5 
980! 40.4 37.3 39.4 
660! 31.4 31.4 32.3 
490! 240 eee as 28.0. 
330! 15.5 18.6 raNeot 


ways (!°) compared with those on the 
main line of the Reichsbahn, as fixed by 
§ 38-2b of the train working regulations 
of the 1st September 1933. 

In the case of curves of small radius, 
on which the speed is limited by the sta- 
bility of the vehicles, the speed limits 
are almost identical for all gauges. 


IV. — The track. 


The section and length of the rails 
obviously are independent of the gauge. 
Contrariwise, the length and section of 
the sleepers are dependent on the gauge 
to some extent. It might be assumed that, 
for equal length of sleepers, the load 
carried is better distributed on standard 
and broad-gauge track than on narrow 
gauge. This is not so in fact, as the 
load is not transmitted to the ballast by 
the whole of the sleeper, the middle of 
the sleeper transferring practically none. 

According to ZtmmeRMANN (27) the 
length of sleeper which transmits the 


492 


load to the ballast is given by the for- 
mula : 


in which 

I is the moment of inertia of the cross 
section of the sleeper in cm’, 

E the modulus of elasticity in kgr. per 
cm’, 

C the ballast constant, in kgr. per cm’, 

b the width of the sleeper, in cm. 

In the case of rectangular section 
wood sleepers, A deep and with E 
— 120000 kgr. per cm’, the equation 
becomes : 


*/4 x 120 000 x bh? _ 
42 Cb 


4140 O00 ne ap 


Table 11 gives the values of L on the 
different railways for ballast constants 
of 3 and 8. 


b= 


TABLE 11. 


Reichsbahn, 


Gauge 


Dimension of sleepers : 
HB 2\ N4 A 2 2) ee 


Width b 
Height h 
i tory Cs 93 


Distance, in the middle of the sleeper, 
between the areas transmitting the 
load tothe hallast= <n 2.9.” Cm. 


Le, When, C\=ScRrr ee na, te ce wiae ty | ae 
Distance between the areas in ques- 


tion em. 


(16) Bulletin of the International Railway 
Congress Association, June 1932, pp. 1106/  Bisenbahnoberbaues (The. calculation 


1107 (English edition). 


4'8 4/2" 3! 6" 


Bosnia- 
Herzegovinia. 


South Africa. 


3' 3.3/8" a 0 


160 


(17) ZIMMERMANN : Die ee des 
r0) 


way track), second edition, p. 178. 


rail- 


ed Le 


Using these data and applying Zimuer- 
MANN’S method, we have calculated the 
pressures in the ballast and the ma- 
ximum bending moments in the sleepers 


given here for the different railways, 
for a rail pressure P in metric tons 
and ballast constants of 3 and 8. 
The results are reproduced in table 12. 


TABLE 12 
= Reichsbahn. South Africa. Siam. fences. 
ARIES EP SSE SE ET RS II EI DDL DE IE SE PTR EPO TORE 
Gauge 4'8 4/2" 3' 6" 3! 33" SOL 
Moment of resistance of sleeper 4 109 682 759 564 
Volume of the sleeper 112 3 (AS 57.0 41.6 
Y of volume of Reichsbahn sleeper : 100 
When C = 3. 63.5 50.3 37.0 
Maximum pressure on the ballast, 
eee pel Ci ae) 00 Laine S8P) 10520. e hae ele 
1 ees ending moment ker. Xem. ]13 480 2 14 400 P| 8 600 P| 7 830 P 
Maximum bending stress in the sleeper 
fe ee ee ries oi hacb| ame sae 
When C = 8. i 
Maximum pressure on the ballast 
ker./em?. 0.322 P 0.408 P 0.554 P 0.612 P 
Maximum bending moment . kgr.Xem.|12 720 P/10 630 P| 9 600 P| 8 700 P 
Maximum bending stress in the sleeper 
ker./em?. 44.5 P Tomek. yo, 12 15.4 =P 


The pressure exerted on the ballast 
and the bending stress in the sleeper, 
for equal rail pressures, are greater as 
a rule in the case of narrow-gauge lines 
than in that of standard or broad-gauge 
track as table 12 indicates for sleepers 
actually in service. 

This table also shows that when C 
= 3, ie. with only poor ballast, the 
pressure on the ballast is much higher 
on the Siamese and Bosnia-Herzegovinian 
Railways than on the Reichsbahn, but 
that, against this, there is much less 
difference in the bending stresses. This 
proves that the section of the sleepers 
has not been properly selected; they are 


too narrow and at the same time rela-- 


tively too deep. | 
On the South African Railways dimen- 


sions are-more adequate as the stresses 
for GC = 3 and C = 8 are in the same 
ratio as on the Reichsbahn. The pressure 
on the ballast, in fact, exceeds by 29 % 
and 27 %, and the bending stresses by 
37 % and 36 %, the respective values on 
the Reichsbahn. 

Table 13 gives the dimensions of 3’ 6” 
(Cape) and metre-gauge. sleepers in 
which stresses in the ballast and the 
bending stresses are about the same as 
for the Reichsbahn sleepers. 

This table shows that, for equal aale 
loads, the volume of narrow-gauge slee- 
pers is much less than that of standard 
gauge sleepers. 

There is no relationship between the 
rail section and the gauge. The reason 
for nearly all narrow-gauge lines using 


TABLE 13. 


Sleepers : 
Width 
Depth 
Length 


Volume 


% of volume of Reichsbahn sleeper 
When C = 3. 
Pressure on the ballast ker./em?. 


Bending stress > 
When C = 8. 


Pressure on the ballast > 


Bending stress » 


EE ee a 


Reichsbahn 3 6" Metre-gauge 
| 8' 81/2 gauge. gauge lines. lines. 
26 32.8 32 
16 ile 12.5 
270 213 210 
112 3 88.7 84.0 
100 719 75 
0.300 P 0 303 P 0.305 P 
11 JOS 125 OTE 1239 92 
0.322 P 0.316 P 0.335 P 
Loh, ewe wees 13 Agee? 


lighter rails than are used_on European 
and American railways is that the narrow 
gauge lines are not so heavily equipped 
on the whole. 


It should be noted, however, that the 
following rails were in use in 1927 on 
the main lines of the Union of South 
Afriea (**).: 


From 20 to 20 1/4 lb. per yard on 1050 miles or 84 % of the total mileage. 
» 45 » 46 » > 1745 » >» 14.0 » > > 
» 50 » 52 » > 100 » » 0.8 » >» > 
> 59 > 61 » » 5592 » » 45.0 » » > 
» 75 » 85 > » 31912 > » 314 » > »- 
Of 100 Ib. per yard 49 » > 0.4 >» > > 
Total . 12448 miles or 100 % of the total mileage. 


The rails are laid as a rule with 2 100 
sleepers per mile. Rails weighing 85 lb. 
per yard, used on all important main 
lines, are 5” high with a width of head 
of 2.44/16". 

On the main lines run over by loco- 
motives with 22-ton axle loads, these rails 
are renewed, when relaying, by heavier 
rails weighing 100 Ib. per yard. 

Very heavy rails are also used on other 
3’ 6” gauge lines. Thus, the Javanese 


State Railways, on which speeds of 
62 m.p.h. are allowed, use rails weighing 
83 3/4 lb. per yard, laid on 2480 slee- 
pers per mile (**), and in Japan many 
of the lines are laid on rails weighing 
100 Ib. per yard. 

Generally speaking, many narrow- 
gauge railways on which the traffic has 
developed have laid heavier rails than 
many a standard or broad-gauge line, 
even with a relatively heavy traffic. 


ah hh 8 eee ee ee ee 


(18) The Railway Gazette, Special number, 
21 November 1927, p. 17. 


(19) Organ fiir die Fortschritte. des Bisen- 
bahnwesens, 1926, p. 341. 


V. — Formation. 


The formation of narrow-gauge lines 
differs from that of standard or broad- 
gauge lines by : 


1) smaller radii of curves which, how- 
ever, do not largely increase the rolling 
resistance ; 

i) 


= 


) narrower formation. 


These are the only two factors 
which may possibly lead to a reduction 
in the cost of construction as they depend 
directly on the gauge. 

The maximum permissible gradients 
bear no direct relation to the gauge. The 
fact that steeper gradients are often 
found on narrow-gauge railways, espe- 
cially in Europe, is due, as already noted, 


lativtal 


Fig. 3. 


Note: Spurweite 


to the fact that they are secondary or 
local lines, and not main lines. The rul- 
ing gradient adopted ought to depend 
upon the estimated traffic. 

If the gauge is to be taken into account 
when determining the ruling gradient, 


track gauge. — Kriimmungshalbmesser 


radius of curve. 


the gradient on narrow-gauge lines, all 
other factors being equal, should rather 
be easier, as the cost of the rolling stock, 
and especially the locomotives, for such 
railways per unit of weight or per unit 
of tractive effort, is higher as a rule. The 


difference is so small, however, as to 
be negligible. 

The resistance due to curves decreases 
as the gauge becomes smaller. Whilst 
this resistance has been carefully inves- 
tigated many times for standard-gauge 
lines, and whereas there are many for- 
mule for calculating it, the case of the 
narrow-gauge line is quite different. 

Figure 3 shows the rolling resistance 
for various radii of curves: for stan- 
dard-gauge lines it has been calculated 


other gauges, by Haarmann’s formule : 
400 


by Récku’s formula w ; for the 


for the 3’ 6” and metre-gauge 


350 
RA for the 


W 


lines, and w = 2’ 6” gauge 


lines. 

At low speed, the vehicles can run 
through very sharp curves. Without 
mentioning urban lines, on which cur- 
ves as sharp as 98’ radius are found, lines 
carrying fast trains such as the Paris 
Metropolitan have curves of 164 ra- 
dius (”). 

Still smaller radii are found, it is true, 
on narrow-gauge lines. It should be 
noted, though, that whilst curves of 
623’ (*), 738’ (**), and even 476’ (***) 
radius were allowed on old main-line 
railways, nothing under 984 is now 
permitted on lines recently built. On 
the other hand, on the 3’ 6” and metre- 
gauge lines a radius of 328’ may be taken 


(20) This curve is run over at 15 1/2 miles 
an hour. The vehicles used haye 8’ 10 1/4” 
wheel base bogies, and wheels 2/ 9 1/2’ in 
diameter. Curves of 100’ radius are also 
found in loops in many terminal stations, but 
are not run over by the regular trains. 


'(*) On the Semmering line. 
(**) On the Arlberg line. 


(***) On the Trans-Caucasian 5/ 


railway (U. 8. S. R.). aes 


be used. 


as the maximum, although radii of 300’ 
are frequently found on the mountain 
sections of the South African Railways. 


The minimum radius of curve is not 
only determined by the rolling resistance, 
but chiefly and especially by the ne- 
cessity for maintaining a certain speed, 
and on the main lines this radius can- 
not be reduced very much on account of 
the fast trains run. 


VI. — Construction costs. 


The narrower formation saves earth- 
work and cheapens the structures. In 
the case of heavy earthwork the saving 
becomes considerable; however, it dimi- 
nishes proportionally as the total volume 
increases, the earth slope is independent 
of the width of formation, and in heavy 
work this part of the volume is prepon- 
derating. 

Table 14 gives examples of the reduc- 
tion in volume per yard of line of the 
formation on the South African Railways 
(width of bed 16’) and on the metre- 
gauge Rhetian Railway (width of bed 
12’ 6”) comparatively with the single- 
track lines of the Swiss Federal Railways 
(width of bed 17’ 4 5/8”). 

The greater economies in the cost of 
construction of narrow-gauge lines is 
due to the fact that sharper curves can 
Such economies cannot be 
evaluated however with any accuracy for 
any particular railway, as to do so 
would mean careful calculations with 
two different locations. Now, such inves- 
tigations are not often made as the gauge . 
is usually the first thing decided for any 
railway. 

Some information is nonetheless avail- 
able for a certain number of railways 
with different gauges having similar 
working conditions, and for which the 
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TABLE 14. 


Sn rR a a rt ee 


Volume of fill. 


Reduction in volume on 


Height 
SRS EES ASS NS ORM a SC a 22 
m. m3 m? ms m3 9199 m3 O/o9 
| 4 6 80 6.37 5.30 0.43 6.33 15 22.0 
5 64.00 61.35 56.50 ele 3.36 Ua) 14.0 
10 203.00 198.70 188.00 4.30 Qai2 15.0 7.4 
45 417.00 410.55 394.50 6.45 OD 2a) 5.4 
20 706 .00 697.40 676.00 8 60 Lee 30.0 4.2 


costs of the permanent way and rolling 
stock are given separately in the returns. 

Amongst such railways the Australian 
System should be mentioned to begin 
with, as it is a Jumble of 5’ 3”, 4 8 1/2” 
and 3’ 6” gauge lines. 


Table 15 gives particulars of the cost 
of the fixed installations of the diffe- 
rent Australian railways in sterling. 

The cost per mile of the broad-gauge 
lines in South Australia is not only in- 
creased by the gauge, but also by the 


TABLE 15. 
Length : : 
Railway. Gauge. of system, apliegas, 

Miles, £ 
South Australian Govt. Rys. broad gauge . Deo 1 454 9 450 
Trans-Australian Govt. Rys. ZU ype 1 052 6 515 
Central Australia Ry. 3’ 6" rel 5 573 
South Australian Govt. Rys. » 1 073 4 600 
Queensland Govt. Rys. . » 6 430 4 454 


55 miles of double and quadruple-track 
lines in and about Adelaide. 
In Java, were the 3’ 6” gauge is the 
standard on the State Railways, there 
are some 163 miles of 4 8 1/2” oper- 
ated by the Dutch East Indies Company. 
This system lies in a flatter part of the 
country than most of the State lines. The 
annual accounts of this Company un- 
fortunately do not contain any details 


V5 


on the original capital cost (including 
rolling stock, electrical equipment, etc.). 
As the returns give, however, the locomo- 
tive and rolling stock figures, the cost of 
the fixed installations can be deduced 
fairly accurately as is seen from table 16. 
(Position as at the 1st January, 1929). 

This table shows that the Java State 
lines were as nearly well equipped with 
rolling stock as those of the East Indies 
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TABLE 16. 


Gauge 


Mileage of system 


Capital cost per) miloy se) 4) Weds) ak 
rer § Permanent way Pi ee eae 
i.e. 

( Rolling stock and stores . . . » 


Rolling stock per mile : 


Locomotives . units 
Passenger carriages ‘nll pits eget Y, 
Goods wagons ey, Fee ese 


Ds 


| 
Dutch East Indies Company. State Rys. — | 
’ 9! " 
Ae Bie 3’ 6" 3’ 6" (74) 
162 374 1 728 
23 480 |; 14 420 21 500 
47 100 | 12 260 
6 380 2 160 
0.438 0.300 0.357 
0.757 0.642 0.81 
11.416 4.83 8.47 


Company, the former owning 18 % less 
locomotives, 6 % more passenger coaches, 
and 24 % less goods wagons. 

This made it possible to compare with 
a sufficient degree of exactness the cost 
of standard and 3’ 6” gauge permanent 
way. 

The saving effected by building a main 
line of 3’ 6” or metre-gauge compared 
with standard gauge may be calculated as 
follows : 


1. Track and ballast. — As we have 
already pointed out, the sleepers alone 
have to be considered, as the rails depend 
on the weight of the stock and to some 
extent on the speed, and not on the 
gauge. 

Comparing the Reichsbahn 045 track 
with that of the South African Railways 
laid with 85 lb. per yard rails, we find 
that the weight per mile of the metal 
sleepers on the former is 349200 Ib., 
whereas it is 342200 lb. on the latter, 
the weight saving being thus 10.6 %. In 


the case of wooden sleepers the saving is 
less easily ascertainable, their size 
depending to some extent on the kind 
of timber available locally. 

There is also a saving in the ballast. 
Comparing the tracks mentioned above 
the top surface of the ballast is 10’ 10” 
wide on the Reichsbahn, and 8 in South 
Africa. Taking the depth of ballast un- 
der the rails as 1 foot, the volume per 
mile is 2492 cu. yards for the standard 
gauge, and 1934 cu. yards for the 3’ 6” 
gauge or a saving of 22 % in the case of 
the latter (*). 

A slight saving is also made when 
laying the track but the amount cannot 
be stated more or less accurately. 


2. Permanent way. — As we have al- 
ready seen, the expenditure on perma- 
nent way and fixed installations varies 
very largely as between railways. Ge- 
nerally speaking, it may be stated that 
the cost of narrow-gauge permanent way 
is much less in mountainous country if 


(21) This system included at that date 
132 miles of double or multiple-track lines 
and 20 miles of electrified lines. 


(22) The data relating to the South Afri- 
can Railways are taken from The Railway 
Gazette, Special number of the 21st Novem- 
ber, 1927. 


small-radius curves are used. In flat 
country, the saving on the track itself 
is the largest item. Table 15 shows, 
moreover, that the Australian Federal 
Railways’ 3’ 6” gauge lines only cost 
14.3 % less than the standard gauge. 

But, if the Rhetian Railway be com- 
pared with the Toggenburg line, both in 
Switzerland, the formation of the for- 
mer costs 2.35 % less than the latter, 
although it certainly runs through more 
difficult country. 


In South Africa the savings resulting 
from the use of the narrow gauge were 
so large that a 60-mile length of stan- 
dard-gauge track has been converted to 
3’ 6”; most of the South African lines 
are located in hilly country. 

The South African Railways, the 
cradle of the 3’ 6” gauge, can be used as 
the model (*) for the construction of 
3’ 6” and metre-gauge main lines. 


VII. — Working costs. 


Any satisfactory comparison between . 


the working costs of railways of different 


gauges is very difficult.to get out as the 
working conditions are so different. 


The narrow-gauge lines, even when 
they have the features of main lines, 
nearly always have sharper curves and 
also much steeper gradients. Then too 
their traffic is smaller as a rule, and 
the operating costs per net ton-mile and 
per passenger-mile are of course higher. 
There are very few railways of different 
gauges, which not only were built under 
the same conditions but are also oper- 
ated on almost the same lines, which 
would thus afford a satisfactory compa- 
rison as regards working costs. 


A. — South Indian Railway. 


This Company has a_ broad-gauge 
(5’ 6”) main line with four branches, of 
a total length of 599 miles, and 1829 
miles of narrow gauge. These can be 
compared with the 2’ 6” gauge lines of 
the Bengal Nagpur Railway which have 
the same gradients and section, as is 
shown in table 47. 


TABLE 17. : 
South Indian, Bengal Nagpur. 
5 Kose 3' 33/8" 2' 6" gauge. 
Level sections or gradients of less than 
1 in 300, % of total length ext 64.6 63.8 50.6 
Gradients of 1 in 201 to 1 in 300 . ile: 7.6 5.9 
> Shlsins 0] comelin= 200% des 20.2 22en 
> > ine sie ew coml inst 00k. 7.8 4.6 16.6 
> > lin 51 to 1 im 80 P19) 2eo 4.8 
> > 1 im 50 and steeper-. - . te 1.3 = 
Smallest radius of curve... . 9. « vos 800' ; 500. 440! 
_ 


(23) As can the Japanese and Javanese, the former especially. 
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Table 18 gives details on different Report of the Indian Railways and the 
points which may affect the expenditure; September 1934 Newman’s Indian Brad- 
these are taken from the 1932-33 Annual shaw. 
TABLE 18. 
ee 
South-Indian. Bengal-Nagpur. 
5' 6" gauge. 3' 3.3/8" 2' 6" gauge. 
TL 
Total length of lines miles. 599 1 829 / 926 
Total net ton-miles (24) . thousands. 161 258 263 665 | 40) 422 
| Total gross ton-miles (25) do. 457 469 722 343 136 297 
Net ton-miles per mile of line 269 000 143 750 43 700 
Gross Ib. per net ton (26) 6 360 6 140 7 550 
Total passenger-miles . thousands. 298 773 1 063 304 78 285 
Total gross ton-miles in passenger  ser- 3 
vice — a ethousended Dr etiecs 1 228 774 166 994 
Passenger-miles per mile of line : 497 127 580 649 84 510 
Gross lb. of load per passenger mile (27) lb. 5 624 2 585 4 674 
Average daily number of passenger and 
mixed trains ah teeth a 10.66 10.49 3 86 
Number of express trains included in pre- | e 
vious item EAR Ses APES See 2.42 1.48 
Average overall speed of all passenger and 
mixed (TAINS, 5 04 m.p.h. AT.4 16.2 427 
Average overall speed of express trains 
m.p.h. 28.4 25.3 


It will be seen from this table that 
the goods traffic on the broad-gauge lines 
of the South Indian Railway is nearly 


twice that of the metre-gauge lines. On 
the other hand, the passenger traffic is 
higher on the latter by 17 %. 

In the matter of goods traffic, the 
gross load corresponding to 1 ton of net 


weight on metre-gauge lines is only 4 % 
less than with standard gauge. 

But the difference between the net 
load per passenger-mile is much greater 
for the different gauges, the reason being 
that on the metre-gauge lines the net load 
per passenger-mile only represents 46 % 
of that for the broad-gauge lines (*). 


(24) By « ton » is to be understood « En- 
glish ton » (2 240 Ib.). 

(25).The gross ton-miles here also inelude 
the locomotives themselves. 

(26) On the Reichsbahn this number in 
1928 was 5 890 Ib. 


(27) On the Reichsbahn this number in 1928 
was 7 230 Ib. ; 

(28) This great difference in the gross 
weight per passenger is explained by the fact 
that the tare weight per seat on the metre- 
gauge lines is about 2 1/2 times less than 
on the broad-gauge lines. 
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As already pointed out, the rolling re- sumption figures on lines of different 
sistance decreases as the gauge increases, gauges, as is shown in table 19. 
and this is confirmed by the coal con- This table shows that the coal con- 


TABLE 19. 


Gauges. 


3' 3.3/8” 
SS SS SES TS SER EES 


Coal consumption per 1000 gross ton- 
miles : 
Passenger Services . . . . . «|b. 
%Y of the consumption on 5’ 6” gauge . 
Goods services 
% of the consumption on 5/ 6” g 


Coal per 1 000 passenger-miles 


Coal per 1000 net ton-miles . 


sumption per gross ton-mile is almost 3’ 6” and metre-gauge lines. On 2 6” 
the same on broad, standard, and Cape gauge lines it is double that of standard 
or metre gauges. Against this, it is a or broad-gauge lines. 

little lower in passenger service on the Table 20 gives the various expenditures 


TABLE 20. 


South Indian. Bengal-Nagpur. 


5’ 6" gauge. Metre gauge. 2' 6" gauge. 


Maintenance and renewal of the track. 


Total expenditure §. . | ©.V= Rm. (29). 425 000 1 234 000 598 500 
Persmilesotmliney hao? 4 ee 2. ose: 109 624 577 
Per malleSot track... Stated os 3D 584 509 492 
Maintenance and renewal of locomotives. 

Total expenditure . . Pee) eee Basta 745 000 1 780 000 467 000 
Per 1000 locomotives-miles . . . . > 168 179 215 
Per 1 million of gross ton-miles . . » 647 887 4 540 
Per 1 million of passenger miles . . » 1 548 1 023 3 245 
Per 1 million of net ton-miles . . » Mie S21 2 430 5 190 
Maintenance and renewal of rolling stock : 

Total expenditure . . 6 eee Rite: 302 000 862 000 339 000 
Per 1 million of axlemiles . . . . » 2 192 2 135 3 730 
Per 1 million of gross ton-miles . . » 250 5 442 4 148 


(29) The figures of the Annual Report are converted at the rate of 1 Rupee = 1.12 Rm, 


which depend on the gauge. This table is 
prepared from data given in the Report 
of the Indian Railways for 1932-33. 

This table shows that the expenditure 
per locomotive-mile per vehicle axle- 
mile for maintenance and renewal are 
somewhat less on metre-gauge than on 
broad-gauge lines. They are also less 
per passenger-mile, but 38 % higher in 
goods working. 

The corresponding figures for 2 6” 
gauge are much higher than for broad 
and metre-gauge lines. 


B. — Rheetian Railway and Lotschberg 
Railway. 


These Swiss Companies, the first of 
which has 171 miles of metre-gauge line 
and the second, excluding the Munster- 
Langau line, 65 miles of standard-gauge, 
are both electrified. 

We will compare the operating costs 


of these lines, although their gradient 
sections differ as shown in table 21. 


TABLE 21. 
= Létschberg. Rheetian. 

Gauge 4' 8 4/2" 3’ 3.3/8" 
Total length miles | 65 171 
As a % of total length : 
Level section 17.5 48.2 
Gradients up to 1 in 200 15.6 8.8 

» from 1 in 100 to 1 in 200 11.8 18.3 

» from 1 in 100 to 1 in 66 14.5 9.4 

» from 1 in 66 to 1 in 50 4.5 11.6 

» from 1 in 50 to 1 in 40 20.3 10.0 

» from 1 in 40 to 1 in 33 15.8 4.7 

> exceeding 1 in 33 1950 
Steepest gradient allowed 1 in 37 1 in 28.5 (39) 
Average gradient 1 in 63 1 in n:2 
Smallest radius of curve 590! 328" 


PP | 


Table 22 gives particulars of the oper- 
ating results and expenditure from the 


returns for 1932 and the 1934/1932 
Winter timetable. 


ee eS ee eee 
(30) Exeeptionally 1 in 22 on the Kiiblis-Davos section, 17.3 miles long. 


TABLE 22. 


= Lotschberg. Rheetian. 
Ce 
“Average number of passenger trains per day’. a) 24.0 
AVeracemUnaln a Speed sani omen 20.—.h Heo 17.0 
Maximum booked speed” . ... . » 39.1 21.4 
Per mile operated : 
assencvene mileswee tere cpunmiy se. ark oss: 366 000 161 380 
NetELonmiles ola li@iinds | seas ce =| 347 000 35 700 
Total length of track of all kinds . .miles. | 149 209 


Expenditure per track-mile for maintenance 
and renewal of permanent way . . Rm. 2 232 1 268 


Power consumption in kw./h. per : 
OOO Mocomotive-milesw iru. ee so: ROBO) 12 875 
1000 gross ton-miles dae ei a ee ee 75.00 97.60 

Consumption of lubricants : | 
Per 1000 locomotive-miles . =. . . .\b. 9052 104.6 
Per 1000 gross ton-miles . . . . . .Ib. 0.335 0.793 


Locomotive maintenance and renewal costs 
per : 


1000: locomotive-miles” =.) ; = . . -.« Rm. 
TO0OS sross. ton-1m1 es auuewers cee ae > 
Maintenance and renewal costs for passenger 
carriages and rail motor cars per : 
10008axle-mileg pean oes. oe Rm, (82), 
1000 gross ton-miles in passenger ser- 
vice (32) Aa: tee me ease cop ee ECD 


Maintenance and renewal costs of goods wa- 
gons, brake vans, postal vans and service 
vehicles, per : 


1000 axle-miles 


1000 gross ton-miles in goods service . 


VIII. — Operating results on some services almost as fast, comfortable and 
harrow-gauge main-line railways. efficient, as standard or broad-gauge lines. 


This statement can be confirmed by 

The different operating results of the operating results of some of the most 

narrow-gauge railways we have examined important 3’ 6” and other narrow-gauge 
show that such lines are able to provide lines. 

a bereene Steril) 1d poms i 4) 2 * pein tt ee et oe Mime ole sents SEF 

(31) The Rhetian Railway owns no rail (32) The gross ton-miles to which the ex- 

motor cars, and this explains the lower cost penditure is related do not exclude the loco- 


of repairs and renewals of passenger stock motive ton-miles although théy include those - 
on this line. related to rail motor cars. 


|. Japanese Government Railways. 
We will reproduce the information 
contained in the Annual Reports covering 
the period from April 1927 to the 31st 
March 1930, i.e. that before the crisis, 
when the traffic was heaviest. 

Although these railways are divided 
amongst the four main islands, they 
must be considered as a single system 
as the islands are connected together 
by ferry-boats. 

As the 31st March 1930, the Japanese 
Government Railways had a mileage of 
8707 miles, 1332 or 15.5 % of which 
were double or multiple-track lines. In 


addition at the same period 609 miles 
were under construction and 2 401 miles 
were authorised (**). 

Each mile of line represented, at that 
time, 1.117 miles of running track and 
0.482 mile of other track (sidings, 
ete. Tne 

The capital invested was £ 23 800 per 
mile on the 31st March 1930. 

The average traffic on the Japanese 
Government Railways is very interesting, 
not only in comparison with other 3’ 6” 
gauge lines, but also with the European 
railways, as table 25 shows. 

If however we wish to get a better 


TABLE 23 
— 1929-30 1928-29 1927-28 
{ 
Average length operated miles. 8 637 8 407 8 146 
Total number of : 
pees ale millions. 13 260 13 409 12 440 
Toss von-miles.= see eae > 7 560 7 680 7 490 
Per mile operated : 
ne a 4 coe ne 1 592 000 4 532 000 
et ton-miles <0 Dees oe dats 75 000 917 000 920 000 
Daily number of train-miles per mile of line 
operated : 
Total ee ee ee eh id. 24.33 20.91 
-, ) passenger trains . 14.68 14.15 13.57 
Including.) soods) trains (6) 7.03 7.48 1.34 
Average train composition : 
Passenger trains vehicles. iif died. ae 
Goods trains > 35.5 35.7 4.8 


idea of the greatest possible traffic capa- 
city of 3’ 6” gauge-lines, the figures for 
the Tokyo division must be considered. 


During the 1929/30 working the average 
traffic in this division of 41788 km. 
(14141 miles) was per mile 4230000 


(33) 1004 miles of these have been put into 
service since the 3lst March 1934, so that at 
that date the mileage was 9779 (Railway 
Gazette, 2nd half 1934, p. 518). 


(84) The corresponding figures at the 31st 
December 1929 for the Reichsbahn were 


1.448 miles of running track and 0.822 mile 
of other track. 

(35) The corresponding figures for the 
Reichsbahn for 1929 were 875000 passenger- 
miles per mile, 1398000 net ton-miles per 


mile; 21.5 passenger trains, and 15.83 goods 
trains daily. 
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passenger-miles and 1344000 net train- 
miles (*). 

The number of passenger trains on the 
different lines is also very high. During 
the 1932 Summer, for example, the aver- 
age number of trains between Tokio and 
Kobe each day was 54.6, 19.27 being ex- 
press and fast, averaging 32.6 miles an 
hour. Two pairs of these trains run at 
an average speed of 41.9 miles over the 
whole distance. This line includes 37 
miles of mountain section with 41 in 
40 gradients. The average speed of all 
other trains between Tokyo and Kobe was 
25.5 miles an hour and this bears com- 
parison with the best European rail-- 
ways (*). 

Now, such dense traffic and high speed 
are found not only on the Japanese main 
lines but also far from Tokyo, as for 
example on the Hokkaido system (to the 
North of the main Island) which consists 
of 1681 miles of line, 133 miles being 
double-tracked. The average number of 
passenger trains run daily on this 
system is 12.2 at an average speed of 
18.9 miles an hour, 1.32 of which are 
expresses running at an average speed 
of 22.9 miles an hour. 

Finally it should be noted that the 
Japanese rolling stock is used most in- 
tensively and the figures are world re- 
cords as will be seen in table 24 which, 


for comparison, gives the same figures 
for the Reichsbahn. 


2. South African Railways. — As al- 
ready stated (*%) the largest system of 
3’ 6” gauge lines is in South Africa; the 
total length in round figures is 18 000 
miles. The greatest continuous 3’ 6” 
gauge line, 3 617 miles long, is also found 
there, namely between Capetown and Lo- 
bito (**). It will be 4100 miles long, and 
run between Capetown and Pointe Noire 
(French Congo), when the 500-mile sec- 
tion between Port Francqui and Léopold- 
ville is completed, and a ferry boat ser- 
vice is established over the River Congo 
to link up the Belgian and French rail- 
Way systems. 

We will mainly quote hereafter the 
operating results of the South African 
Railways, whose equipment is of a high 
standard, and which carry a relatively 
dense traffic. 

We have already seen the high stan- 
dard of the permanent way on these rail- 
ways. The lines are nearly all single 
track; double and multiple-track lines 
represent only 1.3 % of the total mileage. 
The cost per mile of the system is rela- 
tively low; at the end of 1928-29 year’s 
working it was only £ 7 000. 

The rolling stock is up-to-date and 
highly efficient, as shown by several 


examples in tables 3 and 4. 


(36) Using Mr. Brum’s figures in Table III, Archiv fiir Bisenbahnwesen 1933, pp. 913 to 
940, the most intense goods traffic on the Reichsbahn was in 1927 and 1928 on the 


following lines + 
Munster-Hamburg 


Hanover-Lehrte > 120 
Soest-Nordhausen easy 
Hanover-Gottingen > 93 


length 179 miles, 


» 
> 
» 


11 220 000 
15 070 000 
9 000 000 
7 330 000 


net ton-miles per mile. 
> > > 
» » 
> > 


(37) The same year the average number of passenger trains per day on the Swiss Fe- 
deral Railways was 29, with an average speed of 24.35 miles*an hour. ——~ 


(88) Table 1. 


(39) In the Portuguese Angola Colony, on the Atlantic. 


LL 


Passenger coaches : 
Total stock 
Total number of seats 


Seats provided : 
per vehicle 
per mile of line . 


Total miles run : 
vehicles 
seats provided 
Average vehicle mileage . .- 2+. 
Total passenger-miles 


Annual total of passenger-miles : 
Per coachiyn~ ons hiepelge adres Feyet 
per seat provided . 


Average number of passengers : 
per coach Se ec tar y ieg nee o 
per seat provided 


| Goods wagons : 
Total stock. 2 
Total loading capacity . .. . 


q Average loading capacity per wagon. . 


436 
26 


TABEL 24. 


Japanese Government. 


1000 miles. 
» 


F tons. 
Ep liRos 


1929-30. 


1 154 000 
20 000 


26.4 


0.459 


67 434 
879 274 
28 750 
+ 63.9 


Reichsbahn. 
1929. 


63 644 
3 574 825 


55.8 


106 0 


2 380 000 

124 400 000 
37 600 

29 260 000 


459 500 
8 300 


a 


Se 


AST 


Table 25, the figures of which relate 
to 1928-29 gives a good idea of the total 
rolling stock of these railways. 

The rolling stock was slightly in- 
creased in the subsequent years, but as 


the traffic fell off it was used less effi- 
ciently. 

The Annual Reports. of the South 
African Railways do not contain any 
precise information on the passenger 


TABLE 25) 


Number of locomotives 


Average weight of locomotives . . tons. 
TRACE ORCTIOL LS ol iin te Mein irre: rls 
Number of goods wagons . 

Number of wagon-axles 

Tonnage of wagons . 

Number of passenger coaches 


Number of passenger-coach-axles 


SSS SSS SS SSS SSS 


Per mile 
of track Per unit. 


(42 600 miles). 


2 185 0.106 = 
= te 67.3 
58 550 000 4 580 26 800 
32 686 2.59 BS 
95 093 7.45 2.94 
715 000 56.7 21.85 
3 633 0 288 
14 362 1.44 


miles run; they can only be calculated 
approximately from the total passenger 
receipts and rates, the average amount 
of which moreover is not shown in the 
returns. 


Table 26 gives the operating results 
for the 1928-29 year’s working. 

The traffic varies considerably from 
one line to another. The heaviest traffic 
is found on the 190 miles long Natal 


TABLE 26. 


Passenger-miles 
Net ton-miles 
Coal ton-miles (included in previous item) 


Train-miles per annum 


Train-miles per diem 


including : 


Passenger train-miles per annum 
Mixed-train-miles per annum 


Goods-train-miles per annum 


Total. Per mile of track. 


55 200 
352 000 
160 500 

3 912 
10 83 


4 118 500 000 
4 460 000 000 
4 359 000 000 
49 232 000 
136 550 


37 900 
14 500 ~ 
84 000 


3.02 
1.16 
6.65 


aia 
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line, between Ladysmith and Durban, 
which carries the whole of the export 
coal traffic to the important port of 
Durban. This line is electrified on 
120 miles; it has 1 in 65 maximum gra- 
dients in the Durban direction and 1 in 
50 in the inland direction. The smallest 
radius of the curves in flat country is 
400’, but such curves are unusual, the 
normal minimum being 550’. 

Part of the line is double track; on 
some sections, in order to relieve the 
main line, the original line is still used 
in spite of its 1 in 30 gradients and 300’ 
radius curves. 

The railway is equipped to handle 
26700 gross tons per day towards the 
coast. The actual average traffic is very 
heavy; during the best years before the 
crisis, the following tonnages of coal 
were conveyed — and shipped at Durban 
— over the line from Ladysmith : 


1926-27 working year : 2740000 tons; 


1927-28 » 2410000 » 
1928-29 » 2320000 » 
1929-30 » 2460000 » 
1930-31 > 1735000 » 


As in addition to coal, large quantities 
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of other merchandise are exported and 
imported via Durban, during the best 
years this line handled a goods traffic 
of 4000000 net tons. 

The South African Railways have also 
handled quite exceptionally heavy loads, 
such as for example a stator weighing 
76 tons, measuring 12 1/2’ K 15 3/4’ 
< 61/4. Such loads are only occasion- 
ally dealt with, even on European rail- 
ways. 

The passenger traffic is much more 
like that on the American railways than 
on the European; it is relatively speak- 
ing light (*°) but, excepting the subur- 
ban traffic round the large cities, is car- 
ried very long distances. There are a 
number of fast train services, which were 
accelerated last year, and it is expected 
will be further speeded up this year (*). 
Such trains, however, run only 2 or 3 
times a week. 

Generally speaking, the average speed 
of all passenger trains shown in the May 
1952 timetable was 19 miles an hour. 

Table 27 gives information on the 
runs and journey times of some of the 
through express trains. 


TBABUR C2 ds 


Distance. 


| Miles. 


Johannesburg-Capetown 
Capetown-Bulowayo 

De Aar-Walvis Bay 
Johannesburg-Durban 
Capetown-Port Elisabeth 


Time spent. speed. 


1932 1935 


Average Average 
Time spent. speed. 


M. p. h. 1 a Taal 8 


(40) In 1929, the passenger traffic in the United States, on class 1 railways, was only 


128 300 passenger-miles per mile, and it has fallen off 50 % since. 


(41) Railway Gazette, First half-year volume, 1935, p. 685. 


Such overall speeds should be consi- 
dered as very high, as in Europe and 
America long-distance trains do not run 
much faster (*). 


3. Javanese State Railways. — In order 
to get an idea of the activity of these 
Railways, the operating results for the 
year 1928, that in which the traffic 
reached its maximum before the crisis, 
will be quoted. 

At the end of that year, the length 
of the system was 1 728 miles, 122 miles 
or 7.1 % of which was double-tracked. 

The rolling stock consisted of 621 lo- 
comotives, 1272 passenger coaches, and 
15 048 goods wagons, luggage vans and 
service vehicles of various kinds. This 
stock corresponds to 0.357 locomotive, 
0.81 passenger coach and 8.47 goods wa- 
gons and other vehicles per mile of line 
operated. 


In 1928, the average cost of the Java- 
nese Railways amounted to £ 21500 per 
mile. 

For the same year, the goods traffic 
was 255000 net ton-miles per mile, and 
the passenger traffic 486 414 passenger- 
miles per mile worked. 

The first-class lines, 1110 miles long, 
were served by an average of 18.65 trains 
daily, 5.27 being express. The average 
speed of all passenger trains was 19.5 
miles an hour, and that of the expresses 
28 miles an hour. The average speed of 
the fast trains between Batavia and 
Soerabaja (#), which crosses almost the 


(42) The « Continental Limited » between 
Montreal and Vancouver (2929 miles) runs 
at an overall speed of 33.6 miles an hour; 
that of the « Orient Express », between Paris 
and Constantinople (1928 miles), is 32.9 miles 
an hour. 


(43) Distanee 512 miles. 
altitude reached is 2 9267. 


The maximum 


whole Island in 13 h. 42 m. was 37.6 
miles an hour. This was reduced to 11 h. 
dd) m. in the November 1934 timetable, 
which gives an average speed of 42.9 
miles an hour. The number of express 
trains as shown in this timetable has 
been markedly increased (‘*). 


4. Bosnia-Herzegovinian Railways. — 
These 2’ 6” gauge State Railways are 
14184 miles long. A number of private 
railways are connected with them, the 
total mileage over which passenger trains 
are run, thus being 1587 (*). 


As we pointed out on page 443, this 
separate system runs through very moun- 
tainous country and the narrow gauge 
has made it possible to use curves of as 
small a radius as 328’ without disad- 
vantage. 


Only 23.7 % of all the State lines are 
on the level, and on 22.7 % there are 
gradients steeper than 1 in 400. 


On the main line between Serajevo and 
Doubrovnik, there are a number of rack 
sections, 11.2 miles in all, with gradients 
as steep as 1 in 16. 


The capacity of these railways is, how- 
ever, very great. The rolling stock owned 
by the State at the end of 1933 was 0.5 
locomotive per mile, with an average 
of 3.81 driving axles, 0.76 vehicles for 
passenger trains (carriages, post office 
vans, and parcels brake vans) with an 
average of 3.26 pairs of wheels, 8.93 
goods wagons of all kinds with an aver- 
age of 3.43 pairs of wheels, the average 
axle load being 8160 Ib. (**). 


(44) Zeitung der Mitteleuropdischen Hisen- 
bahnen, 1934, p. 833. 


(*) From the Jugoslav official timetables. 


(**) From the Jugoslav statistical railway 
returns for 1933. 
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In 1932 and 1933, the goods traffic was 
almost as heavy on the 2’ 6” gauge lines 
as on the other lines of the Jugoslav 


system, as is shown in table 28 which 
also gives other information with regard 
to their operating results. 


TABLE 28. 
a ' ee Standard-gauge lines. 2' 6" gauge lines. 
| 1932 | 1933 1932 1933 
er A AES I ET SE 
: / 
Tote l.milea Gen ee ge ete, oe Rohe? 4 374 | 4 375 4 184 he eb85 
Total number of trains per day and f | 
OTs Leh ys. te. ie tee ee a ne ae weal 20.78 | 20.79 | 22.88 | 24.43 
Including passenger and mixed trains | 12.89 | 13.44 | 9.90 / eral 
Net ton-miles per mile . . . « . .| 3836 000 _ 335 000 283 000 304 000 
Passenger-miles per mile . . . . .| 246 403 | 204 743 128 704 120 957 
| 
| Gross ton-miles per mile : | 
Passenger and mixed trains | 605 000 619 000 | 244 000 | 225 500 
Goods and departmental trains. .| 855 000 | 837 000 623 000 625 000 
| Gross weight : | | 
| Per. passenseiar, |= se a ee os Ua Ook 6 76 | 4 489 4 178 
per ton’ of meh weight. 2. 2. 7.10: 5 545 5 412 br ATO | Rea BOG 
Coal consumption per 1000 gross ton- 
TILES genes rem srde dings sett: te see eee LS, 382 372 / 404 491 


The average overall speed of all pas- 
senger and mixed trains in the same 
period was 14.2 miles an hour. In the 
case of the fastest train, it was 21.7 miles 
an hour. 


XI. — Conclusion. 


The World is now passing through an 
almost unprecedented economic crisis. 
On the railways, this is further aggray- 
ated by competition from other forms of 
transport. In civilised countries, espe- 
cially in Europe and North America, the 
railway system may be taken as com- 
pleted. The gauge question no longer 


arises in these countries, nor in Russia 
with its extensive broad-gauge system. 

There are, however, many countries 
with few or no railways. Amongst these 
may be included the Islands of Borneo 
and New Guinea, as well as many others 
larger than most European  coun- 
tries (*). These, however, are backward 
_countries, in which railways are not 
likely to be built for some time. 

There are others, however, in which 
this question is an important one and 
where the gauge ought to be carefully in- 
vestigated. The African Continent first 
of all requires consideration. At the 
end of 1930, that Continent had only 


(45) The area of Borneo is 282 000 sq. miles, 
and New Guinea 303 000 sq. miles; the former 


has a population of 2700000 inhabitants, the 
latter only 900 000. 
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some 41600 miles of railways, i.e. 0.45 
mile per 100 square miles, and 3.7 miles 
per 10000 inhabitants. The greater part 
of these railways were 3’ 6” (4) or 
metre-gauge (*"), the difference between 
which is so slight that a common service 
could be run, if need be, say by the use 
of interchangeable axles as is done for 
the standard and Russian gauges. 


The 3’ 6” gauge could be taken as the 
standard African gauge to which all new 
African railways should be built. It is 
satisfactory to note that the Congo-Océan 
line, 317 miles long, in French Equa- 
torial Africa, opened on the 1st July 
1934, is laid to this gauge. 

It is regrettable, on the other hand, 
that the Australian Federal Transconti- 
nental Railway should have been built 
to 4 8 1/2” gauge in anticipation of this 
becoming the standard gauge of the 
Continent. Now, 14040 miles or 50.8 % 
of the Australian lines are 3’ 6” gauge, 
and this gauge is much more suitable for 
their light traffic than the standard Eu- 
ropean gauge of 4 8 1/2”, and still more 
so than the broad gauge of Victoria and 
South Australia, the mileage of which 
lines is 6060. It seems preferable 
to convert these railways and those of 
New South Wales, 132385 miles in all, 
to the Cape-gauge than to convert the 
existing Cape-gauge lines to standard- 
gauge. As we have already seen above, 
a 3’ 6” gauge line can be as efficient as 
- a standard-gauge line, provided it is 


(46) In all, 23000 miles or 55 % of the 
total African mileage. This includes 1 093 
miles of 3’ 5 35/64” gauge which in practice 
can be likened to the 3’ 6” gauge. 

(47) 7770 miles or 19 % of the total 
length. 

(48) On the 3lst December 1931. 

(49) For the year 1931/32, the average 
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suitably equipped, as for example, the 
Japanese or South African systems. 

Unlike the other countries just men- 
tioned, in South America and especially 
in Brazil, the metre-gauge has been 
adopted. 

Central Brazil still has no railways. 
Any railways built there will certainly be 
metre gauge, seeing that the latter is 
used not only in Brazil (with 17 870 miles 
in existence) (#), but also in North 
Argentina (7330 miles) and in Bolivia. 

As regards Asia, the Turkish Railways 
were extended considerably immediately 
after the war. Their total length is now 
some 3100 miles. The gauge is the stan- 
dard, which may be considered as a mis- 
take, as the traffic is very small (*), and 
may be so for a long time as the coun- 
try is generally poor and thinly popu- 
lated. The same remarks apply to Persia 
where a standard-gauge line 1020 miles 
long is now under construction (°°). 

The largest railway system still to be 
built is the Chinese. Actually there are 
only 6200 miles in China proper (ex- 
cluding Manchuria, Thibet, and the Wes- 
tern Provinces), or 0.40 mile per 100 
square miles and 0.15 miles per 10 000 
inhabitants (°*). 93 % of the railways 
are standard-gauge and the Chinese Go- 
vernment intends in future to build to 
this gauge alone, although in spite of the 
great density of the population metre- 
gauge lines could handle the traffic, as is 
done on the Japanese railways. 


traffic on the Turkish Railways (mileage 
2110) was only 80000 passenger-miles and 
111200 net ton-miles per mile. 

(50) See the article by Dr. O. Brum in the 
Verkehrstechnische Woche, 1933, pp. 587, 
552 and 567. ——. 

(51) The area of China proper is 1530000 
square miles; it has 460 millions inhabitants, 
or an average of 300 per square mile. 
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As many parts of the country are 
mountainous, a metre or 3’ 6” gauge line 
would save much money. There is no 
doubt, however, that the gauge question 
Will be solved in favour of the standard 
gauge, with the inevitable consequence of 
reducing the length that could have been 
built at the same cost. 


é y e A fia ee . 
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We can only hope that in the interests 
of the people in countries still inade- 
quately provided with railways, the metre 
or 3’ 6” gauge will be adopted in pre- 
ference to the 4 8 1/2”, as either of the 
former gauges can meet all requirements 
at lower cost. 


C Fw ee repre 


««- 
1% i ise tate qaponabes 


\ Ae 


—— » 


[628 .234] 


Air conditioning of railway vehicles, 
by H. R. NEU, 


Ingénieur des Arts et Manufactures. 


(Le Génie Civil.) 


Several railways, both French and 
foreign, put a number of streamlined 
railcars (1) into service in 1934. Pas- 
sengers who made long journeys in 
these units during hot weather suffered 
from the excessive temperature inside 
these vehicles. 

If streamlining is to be effective there 
must be no large openings in the body 
sides such as the drop lights of ordi- 
nary stock; moreover, the weight of the 
vehicle can be reduced if there are no 
drop light frames. The compartment, 
therefore, becomes to all intents and 
purposes closed, and it is easy to un- 
derstand that in the absence of suitable 
ventilation the journey in what amounts 
to a « hothouse » soon becomes intole- 
rable, unhealthy, and even dangerous. 
The experimental railcar sets had, it is 
true, been provided with « static » ven- 
tilation systems and even with electric 
fans; however, these systems have been 
found quite inadequate and practically 
non-operative. 

A more complete investigation became 
necessary, and specialists in ventilation 
matters were consulted (2). At the 
present time, the rakes under construc- 
tion are being fitted with equipment to 
new designs, and in addition informa- 
tion is now available as to the practice 
abroad, particularly in the United 
States, for solving the problem. 


(1) Some of these railears were described 
in the Génie Civil, particularly in the 7th 
April, 19th May, 2nd June, 7th July, 15th 
September, and 27th October 1934 numbers. 

(2) As long ago as in 1929, the Paris-Or- 
léans Railway used a successful air cooling 
and ventilation system during hot weather. 
A description was given in the Génie Civil 

of the 4th January 1930, page 9. 
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The object of this article is to show 
that the complicated and delicate pro- 
blem before us can be solved in a satis- 
factory way. This can be done by 
adapting to railcars the principles of 
air conditioning used in _ buildings 
occupied by large numbers of people, 
such as meeting halls, hospitals, cine- 
mas, etc., of course with due regard to 
the special needs of high-speed rolling 
stock which must be light and have 
little air resistance. 

The following points will be dealt 
with in turn : 


1. In what should air conditioning of rail- 
cars consist? 

2. How should it be done? 

3. Methods used in the United States. 

4. Suggested method for use in France. 


Air conditioning of railcars. — Air 
conditioning of railcars consists in 
making the passengers comfortable by 
artificial climatic conditions under 
which they will feel at ease throughout 
the journey, whatever the outside. at- 
mospheric conditions. 


This well-being will be shown by the 
physical condition of the passenger, who 
should not feel tired because of the 
atmosphere in which he lives during 
the journey. 

The artificial atmosphere is defined 
by the following characteristics : 


Winter : a) A temperature of 18 to 20° C. 
(64 to 68° F.); 

b) Sufficient ventilation by air free from 
dust and noxious gases, at the rate of about 
25 m3 (900 cu. feet) of pure air per passen- 
ger per hour; Se 

c) A constant humidity of 50 to 60 %; 
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d) Freedom from draughts and absence of 
dust in motion. 

Summer : a) A maximum temperature of 
26° C. (79° F.) even on the hottest days; 

b), ec) and d) As in Winter. 


Between seasons, as in Winter. 


Pratical application of air condition- 
ing. — When designing air condition- 
ing equipment, the climatic and econo- 
mic conditions (weight, volume, power 
absorbed, first cost, etc.) have to be 
taken into account. 

The general principles of air condi- 
tioning may be laid down as follow : 

A certain calculated quantity of air 
is prepared in a « conditioning cham- 
ber » by adjusting the temperature, hu- 
midity, and cleanliness of the air as 
necessary. The incoming air thus pos- 
sessing well defined physical properties 
is passed into the enclosed space (room, 
compartment) to be dealt with, the cli- 
matic conditions being modified by 
giving or taking away heat and water va- 
pour corresponding to the quantifies gi- 
ven up in the room, either by the people 
in it, or by a source of heat and of cold 
in the room itself or outside it. The fi- 
nal condition of the air in the room the- 
refore depends on the quality and quan- 
tity of the air introduced. 

In Summer the air introduced can be: 


1. Drawn in from outside and used without 
treatment ; 

2. Cooled in the conditioning chamber by 
simple evaporation of water; 

3. Cooled down in the conditioning cham- 
ber by cold water when the supply is suf- 
ficient ; 

4. Cooled down in the conditioning cham- 
ber by cold water cooled in a refrigerator. 

5. Cooled down in the conditioning cham- 
ber by means of water cooled down itself 
by means of ice. 


When the installation is a fixed one, 
the three last methods are available; 
the method selected will be decided by 
the expected financial results. 


When the equipment has to be built 
in rolling stock, the third solution can- 
not be considered. The choice between 
the remaining methods will depend on 
the climatic and economic conditions, 
(weight, dimensions, etc.). 


Methods used in the United States 
of America. 


The climate in the United States is 
one of violent extremes. For this reason 
the equipments are very large as will be 
seen from the following examples from 
the Transactions of the American So- 
ciely of Mechanical Engineers, of Sep- 
tember 1934. 


The Burlington Zephyr. — This train 
which can run at 160 km. (100 miles) per 
hour, consists of three vehicles, one a 
600-H.p. diesel-electric motor coach. It 
is intended to make runs of 600 to 1 200 
miles and can carry 60 to 70 passengers. 
The train consists of an engine room, 
luggage compartment, three passenger 
sections with buffets, saloon, etc. 

A double heating system is fitted; 
heating in conjunction with the air con- 
ditioning plant, and heating by direct 
radiation. When the temperature is not 
too low, the three passenger compart- 
ments are heated by radiators in the 
conditioning equipment. The warm air 
is distributed through the air condition- 
ing inlets near the ceilings. In very 
cold weather, the additional heat is gi- 
ven by radiators on each side of the 
body near the floor, following the usual 


practice. 


The temperature is controlled automa- 
tically by thermostats. All heating pipes 
are copper, as are the radiators, and 
this has saved much weight. With this 
system of heating a temperature of 20° C. 
(68° F.) can be maintained in the pas- 
senger compartments with an outside 
temperature of — 35° C. (— 31° F.). 
The steam required is produced by an 
oil-fired boiler, the pressure and water 
level being regulated automatically. The 
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condensed water from the heating 
system is returned to the feed tanks. 
Dhes250-)2(75" Bre calls) fuel tank is 


large enough for a 800-km. (500 miles) 
run in the worst weather conditions. 


Each passenger compartment has its 
own conditioning and distribution plant. 
The refrigerating machines use freon (+) 
and are carried under the floor with 
the accessories. 


The fresh air drawn in from outside 
as well as the air withdrawn from the 
compartments is filtered before being 
distributed. The temperature is automa- 
tically controlled by thermostats. The 
side lights, which can be opened, are 
kept closed when the air conditioning 
plant is running. 


The Union Pacific high-speed light- 
weight. streamlined trains. — This Com- 
pany has built a three-car train which, 
like the Zephyr, is a high-speed light- 
weight set. It includes a 600-H.p. diesel- 
electric motor car and can run at 140 
to 170 km. (90 to 110 miles) an hour. 
The whole train is air conditioned by 
a single central plant, the treated air 
being distributed and collected by three 
ducts, one along the centre line of the 
roof, and the others on each side below 
the floor line. These ducts extend the 
full length of the two passenger vehicles, 
and are connected together between the 
vehicles by flexible pipes. The air con- 
ditioning plant is fitted in the luggage 
compartment. 

In Summer the cooled air is distri- 
buted by the top duct and withdrawn 
by the two lower ones. In Winter the 
heated air is distributed through the 
lower ducts and withdrawn through the 
upper one. 

An oil-fired boiler is provided for 
heating and a freon refrigerator for 
cooling. The heat insulation is extre- 


(1) Freon is dichloro - difluoromethane 
CCl2F2 (non-toxic gas). 


6* 


mely thorough, Rockfloss, an incom- 
bustible material of high heat and sound 
insulating properties being used. 


Equipment proposed for use 
in France. 


A detailed examination of Summer 
temperatures in France shows that the 
number of days with temperature in the 
shade exceeding 28° C. (82.4° F.) is on 
the average 20 (observations in the 
Paris region between 1890 and 1924). 
The number of days with a temperature 
below — 5° C. (23° F.) average 17 a 
year (figs. 1 and 2). 
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Figs. 1 and 2. — Number of days during 

which the maximum and minimum temper- 

atures exceed the temperatures represented 
by the ordinates. 


The humidity figures taken from the 
Bulletin d’Etudes de lOffice National 
Météorologique for given temperatures 
average 65 % to 32 %, when the temper- 
ature varies from 20° to 37° C. (68° to 
98° F.) in the Paris region during the 
months of July and August in the years 
1932, 1933, and 1934, as shown in fi- 
gure 3. 

Now let us consider the different ways 
of bringing about the conditions re- 
quired to make passengers comfortable, 
namely a temperature of 20° C. (68° F.) 
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Fig. 38, — Average hygrometrie conditions 


of the air at different temperatures. 


and a humidity of 50 % in Winter, and 
26° C. (79° F.) and 60 % humidity in 
Summer. 


Heating. — In principle, an enclosure 
densely occupied for short periods (the 
case of railcars) ought to be heated by 
conditioned air, as this is the method 
by which the compartments can be 
brought quickly to the desired temper- 
ature. Uniform temperature is obtained 
by circulating a large volume of air, and 
then withdrawing a large part of it, 
which is then treated and mixed with 
new air. It is better to introduce the 
air at the roof as this does not disturb 
any dust brought in by the passengers. 
The collecting ducts on the other hand 
should be arranged near the floor to 
make the distribution of the air as uni- 
form as possible (fig. 4). 

On diesel railcars, the heat units lost 
to the cooling water ought to be reco- 
vered for heating purposes (fig. 5). 

This would make the heating very 
economical, as it would not be neces- 
sary to provide from outside sources 
the heat units specially required for 
heating purposes. In this case the best 
arrangement is to recover the heat hith- 
erto wasted in the cooling water and 
not that in the exhaust gases. Air heat- 
ing by the exhaust gases is unsatisfac- 
tory as, owing to the high temperature 
of the heat exchanging surfaces, the 
little dust left in the air in spite of the 
filters is carbonized and the exhaust 
gases may leak through the exchange 
surfaces, if the joints are not quite tight. 


Furthermore, such plant is difficult to 
regulate, and it is bulky and heavy. 
Besides this, there is sufficient heat in 
the cooling water for the purpose. 

As the amount of heat units required 
varies considerably with the season, 


e automatic regulation by a thermostat is 


provided in the carriage and controls a 
valve which regulates the quantity of 
water passing through the heating ra- 
diators. The surplus cooling water will 
not pass through the heating radiators 
but straight to the coach radiator which 
will be fitted with thermostatic shutters 
as in automobile practice. As a precau- 
tion in case there is insufficient heat to 
heat the air owing to running the engine 
light some considerable time, an electric 
thermostat is fitted in the hot air leav- 
ing the ventilator and stops the latter 


Gaine de soufflage, Bouche oe soufflage 


Bouche d evacuation 


Fig. 4. — Arrangement of the ducts and 
orifices through which air distributed, drawn 
up for recirculation or exhausted. 


Explanation of French terms : 


Gaine de soufflage = Delivery duct. — Bouche de 
soutflage = Air inlet. — Gaine et bouche de reprise 

_ = Orifice and duct for air to be recirculated. — 
Bouche d’évacuation = Exhaust. 


Radiateur 
de 
cheuffage 


Radiateur de 
refroidissement 
de /eau 


Bisie5: Diagram of heating plant using 
heat recovered from the cooling water of the 
diesel engine. 


Note: 


Radiateur de chauffage = heating radiator. — Moteur 
= engine. — Radiateur de refroidissement de l’eau = 
water cooling radiator. — Pompe de circulation = 
circulating pump. — Radiateur a huile = oil- cooling 
radiator. — a = air pipe. — b = filling pipe. — 
c = regulating valve. — d = bypass, 100 to 200 1./h. 
(3.5 to 7 cu. ft. per hour). — e = stop valves. — 
f = automatic valve. — f’ discharge of 3600 1./h. 
= 127 cu. ft. per hour (automatic valve open) or 100 
to 200 1./h. = 3.5 to 7 cu. ft. per hour (automatic 
valve shut). — f’” discharge of 3600 1./h. = 127 cu. ft. 
per hour (automatic valve open), or 7200 1./h. = 
254 cu. ft. per hour (automatic valve shut). 


when the temperature of the air blown 
in falls below 20° C. (68° F.). 

Very light honeycomb radiators will 
be used when the pressure they have 
to stand is low. Finned tube radiators 
to stand a pressure of 10 kgr. (142 Ib. 
per sq. inch) will be used, however, 
when water or steam under pressure is 
used. 

The advantage of this system is that, 
besides heating the air, it provides effec- 
tive and controlled ventilation with fil- 
tered and slightly humid air. The plant 
is simple and light (figs. 6 and 7). Ge- 
nerally the radiators of the air condi- 
tioning sets are heated by steam or hot 
water, as in ordinary radiator practice. 


Cooling and refrigeration in Summer. 


-sengers is 60 x 55 grammes = 


Caisson 


de prise 


Moto-ventilabeur 


A 
Vehicule 


et tt te a ee 


Fig. 6, — Air conditioning set, Neu system, 
for a railcar. 
Note: 
Caisson de prise d’air = air inlet chamber. — Filtre = 
filter. — Radiateur = radiator. — Cabine:de condi- 
tionnement = air conditioning chamber. — Manchette 


souple = flexible sleeve. — Axe du véhicule = 
line of vehicle. — Moto-ventilateur = 
ventilator. 


centre 
motor driven 


— As we have seen, a comfortable tem- 
perature involves freshening the ventilat- 
ing air during certain periods and in 
others cooling it down considerably. 
The following table brings out the dif- 
ferent characteristics of the proposed 
plants for a 60-seater coach. In this 


AA esa fr 


— View of an air conditioning set, 
Neu system, for a railcar. 


table f is the temperature and © the 
humidity of the air. The graph (fig. 8) 
brings out the efficiency of the different 
methods used. 

The heat from outside sources is taken 
as 5 000-kgr./cal. (19 840 B.T.U.). The 
heat due to the passengers is 100 x 60 

6000 kgr./cal. (23-800 B.T.U.). The 
quantity of water evaporated by the pas- 
3 300 


| 
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grammes (6.5 Ib.). The quantity of air 
circulated is 4000 m* (141 200 cu. feet) 
or 4700 kgr. (10 360 Ib.) per hour. 
The table and figure 8 show that in 
France a refrigerator would be used 


Temperatures. 


Number of days per year. 


-----— Method by ventilation. 
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—.—.—.—. Method by evaporation. 
Set xm Method by refrigeration. 


Example: 20 days per annum, the maximum outside 
temperature exceeds 28.5° C. (85.3° F.); with the ven- 
tilation method A, a temperature of 36° C. (96.8° F.) 
is obtained, by evaporation, C, 26.8° C. (80.3° F.), and 
by refrigeration D, 26° C. (78.8° F.). 


Fig. 8. — Points plotted for results obtained 
by different methods, the exterior conditions 
being defined by the full-line curve, identical 


with that of figure 1 and the corresponding 


hygrometric state, taken from figure 3. 


too short a time each year to justify its 
cost. ; 

The use of ice, on the other hand, 
would be more economical in periods of 
great heat, as the great weight of the 
refrigerator and the accessory plant to 
provide the power needed would be 
saved; moreover such equipment is not 
needed during the greater part of the 
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year. But the period during which the 
air could be cooled merely by the eva- 
poration of water is much longer. As 
is known, this process consists in finely 
spraying the water into the air, the heat 
to convert this water into vapour being 
taken from the air, the temperature of 
which falls some 2° C. per gramme of 
water evaporated per cubic metre of air. 

The above table shows that the air 
could be cooled from an outside temper- 
ature of 30° C. (86° F.) with 38 % of 
humidity to 20° C. (68° F.) with 100 % 
of humidity. 

Figure 7 shows an air conditioning 
chamber equipped for cooling the air 
by this method. It contains: filtering 
cells with oiled deflector plates for re- 
moving dust from the air; a number of 
sprays with cleaning baffles; and lastly 
a motor-driven centrifugal fan. 
spray nozzles are fed by a motor-driven 
pump which draws the water from a 
tank located below the level of the cham- 
ber so that any excess water can drain 
back into it and be used again. The 
water circulation thus takes place in.a 
closed circuit. Figures 9 and 10 show 


the application of the equipment to a. 


railcar. 
The ice tank is filled with ice, when 


required for cooling the air; the water: 


is pumped over the ice and is cooled 
thereby. The circulation ducts ought to 
be insulated effectively. 

Introduction of air. — As the heating 
or cooling is by distributing condition- 
ed air, a large volume has to be set in 
motion in a limited space. ; 

Fans are used to introduce the air, 
as in this way the air can be circulated 
whether the vehicle is running or sta- 
tionary, the whole installation can be 
regulated properly, and finally the air 
can be distributed uniformly by the 
different diffusers throughout the  ve- 
hicle. By using centrifugal types of 
fans, the size of the ducts can be re- 


The: 


-side the vehicle. 


duced and air can be drawn in from 
outside in spite of the vacuum produced 
by the rake running at high speed. 

The best results are obtained, as re- 
gards heating and cooling, when the air 
is renewed 30 to 40 times an hour. Spe- 
cial diffusers have to be used to pre- 
vent draughts, owing to the small size 
of the compartments; the ducts are flat 
and arranged in the roof. The diffusers 
offer little obstruction. The design 
shown in figures 11 and 12 offer a 
resistance one third that of an orifice in 
thin plate; they also diffuse the air very 
well, the air leaving the nozzle in fine 
threads moving radially. 

The air distribution, which takes 
place uniformly throughout the coach 
and along the top is regulated once and 
for all, the passengers having no control 
over it. The head guard can alter the 
quantity of air delivered by means of 
the louvres fitted on the suction side of 
the fans. 

It is on these lines that we have desi- 
gned the air-conditioning plant for a 300- 
H.-P. railcar, built by Messrs. Société Lor- 
raine des Anciens Etablissements de 
Dietrich et C**, for the French State 
Railways. The gear is simple and 


’ weighs no more than the gear usually fit- 


ted for heating railway carriages without 
ventilating or cooling them. The power 


‘for the fans and pump fitted in this 60- 


seater vehicle varies from 1 to 2 H.-P. 
according to outside weather conditions. 

In Summer the air is filtered, then 
washed and cooled by evaporation; a 
pleasant temperature is maintained in- 
In Winter the vehicle 
is properly ventilated by filtered air, the 


-heat uniform, and the temperature con- 


trolled by thermostats. The passengers 


“will therefore travel in the most com- 
fortable conditions. 


This arrangement, moreover, meets 
the specified economic requirements : 
low power consumption, light weight, 
compactness, and low cost. 


{ 621. 132.5 (.47) ] 


Non-articulated 4-14-4 type locomotive built 
in Russia“, 


by D. BABENKO. 


(Railway Mechanical Engineer.) 


A study to determine the heaviest type 
of freight locomotive that could be used 
on Russian railroads was initiated in 
1930. The investigation was coupled with 
considerations involving the adoption of 
automatic couplers. Operating condi- 
tions imposed the following restrictions 
under which the design was to be work- 
ed out: 


1. Locomotive must operate on exis- 
ting light track where the rails weigh 
only 76 lb. per yard. To relay the track 
with rails weighing 100 Ib. or more per 
yard and to replace the present light 
bridges was considered prohibitive. 

2. Curves in main-line track of 525-foot 
radius must be negotiated at full speed, 
and even sharper curves at reduced 
speeds. 

3. Operating speeds up to 43.5 m. p. h. 

4, Trains of 2750 short (2 450 Engl.) 
tons to be run at a speed of 15 m. p. h. on 
specified heavy grades. 

5. Wear or track on curves and side 
thrusts to be as low as possible. 

6. Stresses on the track, due to dyna- 
mic augment at highest running speeds, 
not to be dangerous despite the light 
weight of the rails. 

7. Fuel to be coal of available low 
grade and slow-burning quality. 

8. Axle load limited to 20 metric tons, 
or 44000 Ib. 


(*) From a translation of an article which 
appeared in « The Motive Power >, published 
in Moscow, U.S.S.R..- 


9. Tractive force at least 60000 Ib. at 
speed. 


It will be readily seen that the above 
restrictions made the working out of the 
design a particulary difficult one and 
raised many problems which had to be 
solved before construction could be star- 
ted. Calculations showed that a locomo- 
tive which would meet the requirements 
would have to weigh about 308 000 Ib. on 
the drivers and have a rated starting trac- 
tive force of 88000 Ib. Furthermore, 
the adhesive weight would have to be 
distributed on seven axles. 

The use of articulated locomotives, 


‘such as the Mallet or the Garratt was 


naturally given consideration, but in 
view of their rather low efficiency and 
heavy maintenance costs, the adoption of 
an articulated design was not considered. 
advisable. 5 

The only alternative to an articulated 
design was the use of a larger number of 
coupled axles in a locomotive having a 
single frame—a greater number than on 
any locomotive then in operation in Rus- 
sia. Continuing the investigation, which 
was started in the spring of 1930, it was 
found that non-articulated locomotives of 
the 2-10-0 type were being operated suc- 
cessfully in Germany, also locomotives of 
the 2-10-2, 2-10-4, 4-10-2 and 4-12-2 types 
in the United States. These locomotives 
were of the desired power, but in most 
cases they had an axle load in excess of 
60000 lb. Due to the greatly restricted 
axle loads—44 000 lb.-per axle—neces- 
sary for operation on 76-lb. rails, a loco- 
motive of the desired power would re- 


Sek 


quire the employment of seven coupled 
axles, or a locomotive of the 2-14-2 type. 
A preliminary design of a two-cylinder, 
2-14-4 type locomotive was worked out 
in the early part of 1931, for which a 
four-wheel trailing truck was provided, 
due to the large firebox found necessary. 

After the preliminary design had been 
gone over and had received tentative 
approval, it was decided that it would be 
advisable before starting contruction to 
send representatives to other countries to 
investigate the results obtained from 
locomotives having five or six coupled 
axles. Accordingly. three engineers 
were sent to Germany and later to the 
United States, where they investigated 
manufacturing and maintenance facili- 
ties and inspected and rode on a number 
of heavy, non-articulated locomotives. 

Upon their return the preliminary 
designs for a 2-14-4 type locomotive were 
again gone over in light of the informa- 
tion gathered and a modified design was 
worked out for a locomotive of the 4-14-4 
type. After the design had been checked 
and approved an order for the construc- 
tion of a sample locomotive was given 
to the Lugansk Locomotive Works. 

The locomotive has now been comple- 
ted and has made some trial runs before 
being placed in service. Handling a 


J 


52 


train of 1 400 short tons, a speed of 25 m. 
p. h. was obtained on a heavy grade, un- 
der which conditions the locomotive de- 
veloped 3 000 H.-P. When cold the loco- 
motive was pulled around a curve of 453- 
ft. radius; under steam it passed over a 
curve of 820-ft. radius at a speed of 
28 m. p. h. 

This locomotive weighs 458 435 lb. in 
working condition, of which 308 560 Ib. 
is carried on the 14 driving wheels. The 
four-wheel engine truck carries a load of 
68 325 Ib. and the four-wheel trailing 
truck, 81350 1b. The driving wheels are 
63 in. in diameter, the two cylinders are 
29 1/8 in. in diameter, and have a stroke 
of 31 7/8 in., while the boiler pressure 
carried is 242 lb. per sq. in. The rated 
tractive force on an 85 % basis is con- 
sequently 88 250 lb. The light weight 
of the locomotive is 399 600 Ib. 

The wheel base of the locomotive is 
56 ft. 9 7/8 in., and that of the locomo- 
tive and tender, 105 ft. 5 7/8 in. The 
driving-wheel base is 32 ft. 11 5/8 in. 
The length of the locomotive between 


_coupler faces is 67 ft. 11 5/8 in., and 


the combined length of the locomotive 
and tender is 110 ft. 8 3/16 in. 

The tender weighs 275 500 lb. in work- 
ing order, or 130040 Ib. light, and is 
mounted on two six-wheel trucks of the 
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Buckeye type, of 9 ft. 10 1/8 in. wheel- 
base. It has a capacity for 11 620 U. S. 
gallons of water and 24.2 tons of coal. 
The length of the tender-between cou- 
pler faces is 44 ft. 1 1/4 in. and the wheel 
base 31 ft. 6 1/8 in. 

Many of the features of this unusual 
locomotive are particulary interesting. 

Especially noticeable is the large size 
of the boiler and the firebox. The boiler 
is of the straight-top radial-stayed type, 
the center line being 11 ft. 11 3/4 in. 
above the top of the rail. The total 
length of the boiler is 58 ft. 7 5/8 
in. and its weight is appoximately 
132 000 Ib. 

The firebox is 15 ft. 9 in. long and 
8 ft. 2 7/16 in. wide, which gives a grate 
area of 129.2 sq. ft. Such a large grate 
area would not be required were the 
coal not of such a low grade. The gra- 
tes are of the shaking type and a grate 


shaker operated by either steam or 
compressed air is provided. The coal 
is fed by a mechanical stoker. The ash 


pan is of the hopper type. 

A combustion chamber, 8 ft. 2 7/16 
in. long, is provided which increases 
the firebox volume to 865.2 cu. ft. 


A brick arch is applied, the arch being 
carried on four arch tubes of 3 1/2 in. 
diameter. ) 


There are 138 fire tubes, 2 3/4 in. 
outside diameter, and 48 flues, 6 3/4 in. 
in diameter. Tubes and flues are 22 ft. 
11 9/16 in. long. This great length 
accounts for the use of tubes and flues 
of such large diameter. 

The Chussov superheater is of the six- 
tube type, the outside diameter of the 
tubes being 1 3/16 in. The elements 
extend back to within 22 13/16 in. of 
the rear tube sheet. 

The evaporative heating surface of 
the boiler has an area of 4 822.7 sq. ft., 
of which 594.4 sq. ft. is in the firebox 
and 4,227.3 sq. ft. in the tubes and flues. 
Adding 1872.9 sq. ft. superheating sur- 
face brings the combined evaporating 
and superheating surface to 6 695.6 sq. ft. 

The evaporative capacity of the boi- 
ler is estimated to be 73716 Ib. per 
hour, which corresponds to a potential 
or boiler horsepower of 3880.  Assu- 
ming a combustion rate of 82 Ib. per 
sq. ft. of grate per hour, the total amount 
of coal burned would be 10594 Ib. per 
hour. If one horsepower could be de- 
velopped for each 2.65 Ib. of coal, the 
total horsepower would be 4 000. 

A particularly interesting feature of 
the boiler construction is the extensive 
manner in- which welding was em- 
ployed, mainly to keep down the weight, 
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1e Russian 4-14-4 type locomotive. 


Table of dimensions, weights and proportions of the Russian 
A 4-14-4 type locomotive. 


Raileoad'« alee 4 \cat we cs esas n beiedese dt Sein tv ome EMITS) a 
DateeDUllt ye Sih. comic anette ake Tow ce LY Oe 

Builder, . . Bee pens Foiseg ciate ode 8 UIP aa cory OL ke 
Type of locomotive ea a ee. ere each 

Service Gy he ORs ee eee eet, 


Track gage . . < domomeorit, 
Cylinders, divoneter re stroke (2) Jee 29°1/8 in. by 3L-r /Siine 
Valve gear, type . . . . . . Walschaerts. 
Valves (piston type) : 
Size Gate Pr tors Cen ae UB ick 
Maximum tmvel Miata of Ac : See RTA apn 10 
Steam lap . Gh okdiore ans 
Exhaust clearance $e o 0 in. 
iLeadhin fall cea ae ee 5/16 in. 


Weights in working order : 
On Udrivers fergie Scheae os ee des) eee OU OLD O Ul. 
/ ‘ On iront. truck ess) aa oe he 6 SR OS Oo onl: 
; Ono trallines trucks. on. ee ae ae mes 1550 Li: 
otal engine e Fit ee ee ee eee AOD ADs 
RRS E RS! eh Ie ee ae eee Pica = cence ONO a: 


Wheel bases : 


ki wee Mei O ey ogo cag cn ee eas, eet Gale tag melt Siatelicanees 
MS Total engine . . . dette eerlieduee OU E01) B.1Re ; Ae , 
Re = Total engine and fede tee” Se £.5.7/Sin. _. . ee a 
. _ Wheels, diameter outside tires > ie lS edichs HVS poe +-< 
i : E , : Driving Ve hr ees Til cy = 63)in. fcth, Sets AR Kia ae . 
aoe oégbetl game RronbuttMektsg cat ood nqetmogys ditty eet G/16 ime a gp eee ee Jeerees ne 
ee a pipers geeeradling truck 9 fai ge Sr nges ee og) 41h8/16 in, 1 ee loneet ine, J a 
=a 5 er ey ~~ iy A 
ee p ¥ Journals, Gaineter ane fength ; ; j > ess :. 


Driving, main (No. 4) ue ites (12°5/8 in. by-A4- 15/16 inet 
Driving, tandem (No. 5) ) eh Sake Pep ein by 14 15/16 in. 
Driving, Others: Wipe wise neg “a ee ing ee 5/16 it 

Se Ae ie a ohh ig eT L. % a ae 
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Heating surfaces : 


Firebox and combustion chamber 
Arch tubes 

Firebox, total 

Tubes 

Flues 

Total evaporative 

SSuperheating 


Combined evaporative cat a iperieatine c 


Special equipment : 


Brick arch 

‘Superheater : 
Exhaust steam peers 
Stoker 

Booster 


Tender : 


Water capacity 
Fuel capacity 
Trucks 


General data (estimated) : 


Rated tractive force, 85 % . 
Boiler horsepower 
Speed at 1000 ft. Daron Bpeed 


543.2 sq. ft. 
52.2 sq. ft. 
595.4 sq. ft. 

1 942.1 sq. ft. 
2 285.2 sq. ft. 
4 822.7 sq. ft. 
1 872.9 sq. ft. 
6 695.6 sq. ft. 


Yes. 
Chussoy. 


11 620 gal. 
24.2 tons. 
6-wheel. 


88 250 Ib. 
3 880 EP. 
35.3 m.p.h. 


Piston speed (ft. per min.) at 10 m.p.h. . 283.5. 


Weight proportions : 
Weight on drivers ~~ total weight engine, % . 


Weight on drivers —— tractive force 


Total weight engine —~ potential horse-power 


° 


Total weight engine — combined heating surface 


Boiler capacity and proportions : 


Evaporative capacity, lb. per hr. (with heater), = et 
Equivalent ever ate eae files ae surface per hr.) (with heater), 


estimated 


Firebox heat. surface, % com. Ht or Racine 


estimated . 


Tube-flue heating surface, % combined heating sur ae 


Superheating surface, % comb. heat surface 


Firebox heating surface — grate area 
Tube-flue heating surface —- grate area 
‘Superheating surface — grate area 


Combined heating. surface — grate area 


Potential horsepower — grate area, 


Combined RET surface — potential heverpone: Sa ee 


Tractive force — combined heating surface 


Tractive force x diameter drivers — combined hearite ee : 
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but partly to permit of the use of sheets 
of readily available sizes. All welded 
seams are of V shape and are located 
between lines of staybolts. The firebox 
sheets, both inside and outside, are wel- 
ded, being formed of several sheets 
joined together by welding. The crown 
sheet and back boiler head are also 
made of two or more sheets with welded 
joints. 

The boiler is fed by two exhaust- 
steam injectors having a capacity of 95 
to 100 U. S. gallons per minute. Two 
Friedman live-steam injectors, having 
a capacity of 45 to 48 U. S. gallons per 
minute are also provided. Two blow-off 
cocks are applied on each side of the 
firebox. 

The frames are cast steel, being the 
first ones made at the Lugansk Loco- 
motive Works. The thickness or width 
of the frames is 5 1/2 in. 

One of the most difficult of the pro- 
blems which the design of this locomo- 
tive presented was the provision for 
safely passing around sharp curves at 
considerable speed and the avoidance of 
heavy side thrusts and side wear of the 
rails due to the long wheel base. As 
will be noted from the illustration of 
the locomotive, the cylinders are cou- 
pled to the fourth pair of drivers. 

The third, fourth and fifth pairs of 
drivers have bald tires 6 7/8 in. wide. 
The first and second pairs of drivers 
are arranged to have a lateral motion 
of 1 1/16 in. each side of the center. 
No lateral motion is provided for on the 
sixth pair of drivers, but the seventh 
pair has provision for 1 3/8 in. lateral 
motion each side of the center. The 
first truck is designed for 5 11/16 in. 
lateral motion to the right and left and 
the trailing truck with 1 3/8 in. lateral 
motion. The lateral motion of the driv- 
ing wheels is provided for by clearance 
between the driving boxes and the hub 
liners. A lateral-motion device with 
equalizer spring suspension is provided 
on the rear axle. 


The driving boxes are cast steel with 
bronze crown brasses and the usual cel- 
lars. Lubrification is by packing from 
the bottom and wick lubrication from a 
top reservoir. 

Spring rigging follows the usual Ame- 
rican pratice—semi-elliptic springs and 
equalizers located between the upper 
and lower bars of the frame. The 
springs are placed on top of the driving 
boxes, except on the sixth and seventh 
axles where it was necessary to use un- 
derhung springs due to the presence of 
the firebox. Three-point suspension is 
provided by dividing the spring rigging 
into three groups. The first group 
includes the springs and equalizers—on 
both sides of the locomotive—of the 
front truck and the first, second, third 
and fourth axles. The other two groups 
are made up of the springs and equa- 
lizers on the right- and left-hand sides 
of the locomotive for the fifth, sixth and 
seventh axles and for the trailing truck. 


Unusual main and side rods. 


The design of the rods and motion 
work presented another interesting pro- 
blem. As previously stated, the main 
rods are connected to the crank pins 
on the fourth pair of drivers. The main 
rods are 13 ft. 1 9/16 in. long. Despite 
their great length the distance between 
the center of the cylinders and the 
fourth axle is so great that the piston 
rods are 13 ft. 1 9/16 in. long. To keep 
down the reciprocating weights and to 
make unnecessary the employment of 
piston rods of abnormal diameter, re- 
sort was had to a secondary supporting 
crosshead located midway between the 
cylinder and the main crosshead. The 
main crosshead is of the multiple ledge 
type developed on the Pennsylvania 
Railroad. 

A tandem main rod serves to connect 
the fourth to the fifth pair of drivers. 
The eccentric crank for the Walschaerts 
valve motion is placed on the fifth 
crank pin. The distance from the 


~~ 


_————— 
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eccentric crank to the reverse link was 
so great that the eccentric rod was di- 
vided and an intermediate supporting 
rocker arm was introduced. Extension 
rods are used to support the main cy- 
linder pistons and also the _ piston 
valves. 

In the side rods connecting the first 
and second pairs of wheels and also 
the sixth and seventh pairs universal 
joints with vertical and horizontal pins 
are provided to permit the allowed la- 
teral motion. The side-rod crankpin 
bearings on the first, second, sixth and 
seventh pairs of wheels are of the ball 
type. All rods are fitted with floating 
bushings and are arranged for grease 
lubrication. Axles and crank pins are 
hollow bored. 


Other details are interesting. 


Piston valves are 13 in. in diameter 
and have a maximum travel of 7 13/16 
in. A power reverse gear is fitted. 

There are two large sand boxes with 
14 pneumatic sanders for supplying 


sand to the front side of all 
wheels. 


driving 


A multiple throttle valve with six val- 
ves and one’ pilot valve is installed. 


~There is a stop valve in the dome. 


Air brakes are provided, air being 
supplied by two cross-compound air 
compressors located on the front deck 
ahead of the cylinders. Drive brakes are 
of the Kasantzeff design with brake 
shoes on the front side of all driving 
wheels, except those on the front and 
rear axles where brake shoes are omitted 
cn account of the great amount of la- 
teral motion. Clasp brakes are used on 
the six-wheel tender. 


Notwithstanding the heavy weight of 
the moving parts (main rod 1610 Ib.; 
piston, piston rod and crosshead 2 485 
lb.) and the high running speed of 
43.5 m.p.h. anticipated for the locomo- 
tive, it was possible to counterbalance 
all the rotating masses and the neces- 
sary part of the reciprocating parts. 


The weights and leading dimensions 
are given in an accompanying table. 
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The Third International Steam Tables Conference ™. 


(From The Engineer.) 


The following Report of the Third 
International Steam Tables Conference 
has been issued. 


The Third International Steam Tables 
Conference was held in the United 
States of America during the week com- 
mencing September 17th, 1934, at the 
invitation of the Special Research Com- 
mittee on. the Thermal Properties of 
Steam of the American Society of Me- 
chanical Engineers. Its purpose was to 
improve and to extend international 
agreement on the properties of steam 
in continuation of the work of the Lon- 
don Conference of 1929 and the Berlin 
Conference of 1930. 


The first session of. the Conference 
was opened at the National Bureau of 
Standards in Washington, D.C., by Dr. 
Lyman J. Briggs, Director of the Bureau. 
Greetings from the engineering societies 
of the United States were extended by 
Mr. Fred M. Feiker, Secretary of the 
American Engineering Council. The 
proceedings of the Conference then 
continued under the chairmanship of 
Dr. Alex. Dow, Chairman of the A.S.M.E. 
Special Research Committee on _ the 
Thermal Properties of Steam. 


After the necessary formal business 
had been completed, a committee was 
formed, in accordance with the pro- 
cedure followed at previous conferences, 
to revise and enlarge the International 
Skeleton Tables. This committee con- 
sisted of the entire British and German 
delegations and Messrs. Osborne, Keyes 


(1) See short account of the Second Con- 
ference, Berlin, 1930, in the November 1931 
issue of this Bulletin, p. 999. 


and Keenan, with Messrs. Heck and 
Ellenwood as alternates for the Amer- 
ican members. 

After adjournment of the first meeting 
of the Conference, Dr. Osborne explain- 
ed and exhibited the apparatus em- 
ployed at the National Bureau of Stan- 
dards for measurement of properties of 
saturated liquid water and saturated wa- 
ter vapour. The methods and technique 
of measurement were demonstrated later 
when Dr. Osborne and his associates 
executed a typical experiment. 


The second session of the Conference 
was held on Tuesday, September 18th, 
at the Massachusetts Institute of Techno- 
logy in Cambridge, Mass., where the de- 
legates were greeted by Dr. Karl T. 
Compton, President of the Institute. At 
this session Dr. James A. Beattie, Asso- 
ciate Professor of Physico-Chemical 
Research, gave an address on the preli- 
minary results of his experimental in- 
vestigation of the relation between the 
international scale of temperature and 
the thermodynamic scale from the ice 
point to the sulphur boiling point. After- 
wards Dr. Keyes and Dr. Smith exhibit- 
ed the apparatus and explained the 
methods of measurement which they 
used to determine the specific volume 
of superheated steam and compressed 
liquid water. Dr. Keyes showed also 
the apparatus he is using for measuring 
the Joule-Thomson coefficient and the 
constant temperature coefficient. 


At the third session of the Conference, 
which was held on Wednesday, Septem- 
ber 19th, at the headquarters of the 
American Society of Mechanical Engi- 
neers in New York, N. Y., Dr. Calvin W. 
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Rice (2), Secretary of the Society, wel- 
comed the delegates. The Conference 
then adjourned subject to call by the 
Chairman for the final session later in 
the week. 

The committee met immediately there- 
after and elected Mr. J. V. Robinson, 
chairman. It undertook during the next 
three days the revision and extension 
of the Skeleton Table of the Berlin Con- 
ference in the light of the new experi- 
mental .and analytical data which were 
presented by the various delegates. 


The skeleton table No. I adopted com- 
pares with the Berlin Conference Table 
as follows : 


(a) The saturation pressure, enthalpy 
or total heat and specific volume of 
saturated liquid and saturated vapour 
are given at forty-two different temper- 
atures — the Berlin Conference gave 
these values at ten different temper- 
atures. 


(b) The enthalpy or total heat and 
specific volume are given for seventy- 
two different states of superheated steam 
—the Berlin Conference gave these va- 
lues at fifty-seven different states. 


(c) The enthalpy or total heat and 
specific volume are given for eighty- 
seven different states of compressed li- 
quid water—the Berlin Conference gave 
no values for the compressed liquid. 


(d) At temperatures above 200° C. 
the tolerances on properties of saturated 
liquid and saturated vapour are reduced 
to 1/2 to 1/10 of the Berlin Conference 
values. 


(e) Tolerances on the specific vo- 


lume of superheated vapour at pres- 
sures above 100 kgr./sq. cm. are ge- 
nerally about 1/5 % of the volume—the 
Berlin Conference values were 1 to 3 %. 


(f) Tolerances on enthalpy or total 
heat of superheated vapour are reduced 


(2) Deceased, October 2nd, 1934. 


to about 1/2 the Berlin Conference 
values. 
The final session of the Conference 


was held on Saturday, September 22nd, 
at the American Society of Mechanical 
Engineers. Dr. Harvey N. Davis pre- 
sided at this session in the absence of 
Dr. Dow. The report of the committee 
was presented by its chairman, Mr. Ro- 
binson, and was accepted by the Con- 
ference. The following resolutions were 
unanimously adopted : 


Resolved: That it is the hope and 
desire of this Conference that the ex- 
perimental investigation of the pro- 
perties of water should be continued in 
order to utilise the equipment and per- 
sonnel of the several contributing insti- 
tutions to the best advantage. It is 
desired that the enthalpy or total heat 
measurements of superheated steam be 
continued at the Imperial College of 
Science, London, and in Czechoslova- 
kia, and extended as far in the range 
of temperature and pressure as is prac- 
ticable, and that other independent in- 
vestigations of this field should be en- 
couraged. The Conference records its 
appreciation of the assurances of the 
British delegation that this work will 
be carried out. 

It is desired that new measurements 
of the saturation pressure of steam be- 
tween 0 and 100° C. be undertaken at 
the Reichsanstalt, Berlin, and at the Na- 
tional Bureau of Standards, Washington, 
and the Conference records its appre- 
ciation of the assurance of the German 
delegation that their section of the work 
will be carried out. It is desired that 
Dr. Koch may be able to continue his 
measurements of the heat capacity of 
the liquid and gaseous phases of water. 

It is desired that the measurements on 
the rate of change of enthalpy or total 
heat of superheated steam with pres- 
sure be continued at the Massachusetts 
Institute of Technology, Cambridge, and 
that the possibility of carrying out simi- 
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TABLE I. — Properties of saturated liquid water and saturated vapour. 
Temp. Specifie volume. Enthail or total heat. 
q P Pressure, | Toler- : Miers 
eg. f 
Rees, kg./cin.? | ance, + Liquid, Toler- Vapour, Toler- Liquid, | Toler- | Vapour, | Toler- 
cm.3/e. | ance, + | cm.2/g. ance, + /I.T.Cal./g.}ance, +]1.T.Cal./g.Jance, + 


006228) 0.000006 4.00024 | 0.00005 
012513/ 0.000010 | 4. 0.00010 
023829} 0 000026 14. 0.00040 
043254] 0.000030 4. 0.00040 
.075204| 0.000038 | 1.00789 | 0.00010 
12578 | 0.00006 .0002 


ooo 
u 
oOom woo ~ 


ooed 


20312 | 0.00010 | 
81775 | 0.00016 | 
48292 | 0.00024 
71491 | 0.00036 
03323 Nil 


0002 
0002 
0002 
0002 
0002 


BROOCOSC SCOCOSCO 
MONOTONE SE ANY 


Oo OO 


. 4609 0010 
.0245 0013 
- 1544 0016 
-6848 0024 
8535 0032 


0004 
0004 
0004 
0004 
0004 


3023 0042 
.0764 
225 
800 
857 


0004 
0004 
0004 
0004 
0004 


.456 


0004 
0004 
0004 


ooce Soe Sooo 


SS oSoceoSo SCeSCOS SOSDeOSD SeoOoSSo OS 
[OD ORROS DWWOH NWIRWA 


0.030 
0.030 
0.035 


— > 


-0 085 
0.085 
0.035 
0.035 
0.035 


0.040 
0.4100 
0.100 
0.440 
0.420 
0.120 


SMOMOCO SCHORRW DOODOO OOOOH OOOWH IRM 


WOmOW OROWO 
OR RWW WEERE 


Observed values of critical temperature : 
Massachusetts Institute of Technology 374.11 C. 
Reichsanstalt 374.2+0.1 C. 

* By definition. 
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Temperature, deo. Cent. 
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the upper represents the accepted value and the lower the tolerance (-+) 
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lar measurements on the liquid phase 
be likewise considered, and the Con- 
ference records its appreciation of the 
assurances of the Massachusetts Insti- 
tute of Technology representatives that 
this work will be carried out. 

It is desired that new measurements 
of the enthalpy or total heat of water 
between 0 and 100° C. be undertaken 
at the National Bureau of Standards to 
provide greater accuracy in these va- 
lues for use in other calorimetric measu- 
rements. 

It is further desired that additional 
measurements of latent heat between 0 
and 50° C. be undertaken at the National 
Bureau of Standards to complete the 
series of these values. 

An invitation extended by the Ma- 
saryk Academy of Work to hold the 
Fourth International Steam Tables Con- 
ference in Prague, Czechoslovakia, was 
accepted by unanimous vote of the Con- 
ference. In accordance with precedent 
established at the London and Berlin 
Conferences, the Secretariat will be 
transferred from the American Society 
of Mechanical Engineers to the Masaryk 
Academy of Work when the business of 
the Third Conference is completed. 

The Skeleton Table adopted by the 
Third International Steam Tables Confe- 
rence, which supersedes the Berlin Con- 
ference Table of 1930, is given herewith. 
The limits fixed by its accepted values 
and tolerances constitute a criterion, in- 


ternationally agreed upon, by which the 

reliability of a steam table may be 

judged. 

SKELETON TABLE ADOPTED BY THE THIRD INTERNA- 

TIONAL STEAM TABLES CONFERENCE, SEPTEMBER 1934, 
UNITS AND CONVERSION FACTORS, 

Definitive values : 

. Length : 2.54000 cm. = 1 inch. 

. Mass : 453.5924 grammes = 1 Ib. 

. Pressure ; 

a) One standard atmosphere = pres- 

sure of 76 cm. mercury column (density 

13.5951 g./cem’, gravity 980.665 cm./ 

Sec.?)-. 
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(b) One bar = 10° dynes per cm. 

4. Energy : 

(a) 1000 international steam table ca- 
lories (1.T. cals.) = 1/860 international 


kilowatt hour. 

(b) 1 international electrical watt 
= 1.0003 absolute watts. 

(c) 1 British thermal unit = 251.996 
tC Dencale 


5. Temperature : 

All temperatures are expressed in 
terms of the International Temperature 
Scale. Where Kelvin temperatures were 
used the values were obtained by add- 
ing 273.16 to the temperatures on the 
International Scale. 


On the basis of the above values the 
conversion tables A and B have been 
derived. 
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